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(57) Piperidine derivatives represented by formula (I) or nontoxk: salts thereof (wherein symbols are defined in the 
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Since the compound represented by fonnula (I) has a PDE4 inhibitory activity, It is useful for preventing and/or 
treating inflammatory diseases, diabetic diseases, allergic diseases, autoimmune diseases, osteoporosis, bone frac- 
ture, obesity, depression, Parkinson's disease, dementia, Ischemia-reperfusion injury, leukemia and the like. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to plperidine derivatives. 
More specificaliy, tiie present invention relates to 

(1 ) plperidine derivatives represented by formula (t): 



(wherein all symbols have the same meanings as described below), or nontoxic salts thereof, 

(2) a process for preparing thereof, and 

(3) an agent comprising thereof as an active ingredient. 

BACKGROUND ARTT 

[0002] Cyclic adenosine 3*,5'-monophosphate (cAMP) and cyclic guanosine 3',5'-monophosphate (cGMP) as intra- 
cellular signal transduction molecules (second messengers) are degraded by a group of hydrolases generally called 
phosphodiesterase (PDE) Into inactive 5'-AMP and 5'-GMP, respectively. 

[0003] PDE isozymes which inactivate them are not unitonnly present in vivo but distributed In vivo having an organ- 
specific localization by showing differences, e.g., In cell distribution and tissue distribution. 

[0004] Up to date, the presence of 1 1 families of PDE 1 to PDE 11 has been confirmed (see Current Opinion in Cell 
Biology, 12, 174-179 (2000)). 

• [0005] Among these PDEs, PDE4 is present in various cells such as ainvay smooth muscle cells, epitherial cells, 
inflammatory cells (macrophages, neutrophils and eosinophils) and T lymphocytes, and controls cellular functions by 
regulating the intracellular cAMP level of these celts. On the other hand, other PDEs such as PDES are present In, e. 
g., platelets, cardiac muscle cells and vascular smooth muscle cells and participates in the control of circulatory organ 
system by regulating intracellular cGMP or cAMP level. 

[0006] Thus, it is known that PDE4 inhibitors have bronchodilatory activity, anti-inflammatory activity, mediator re- 
lease inhibitory activity, immunosuppressive activity and the like, because they cause accumulation of intracellular 
cAMP by inhibiting degradation of cAMP by PDE4. 

[0007] Accordingly, it is considered that agents which specifically inhibit PDE4 do not show the activities of other 
PDE inhibitors such as PDES upon circulatory organs and are useful in preventing and/or treating various diseases 
such as Inflammatory diseases (e.g., asthma, obstructive lung disease, sepsis, sarcoidosis, nephritis, hepatitis, enteri- 
tis, etc.), diabetic diseases, allergic diseases (e.g., allergic rhinitis, allergic conjunctivitis, seasonal conjunctivitis, atopic 
dennatitis, etc.), autoimmune diseases (e.g., ulcerative colitis, Crohn's disease, rheumatism, psoriasis, multiple scle- 
rosis, collagen disease, etc.), osteoporosis, bone fracture, obesity, depression, Parkinson's disease, dementia, 
Ischemia-reperfusion injuiy, leukemia and AIDS {Exp. Opin. Invest. Drugs, 8, 1301-132S (1999)). 
[0008] As the PDE4 Inhibitors, for example, the specification of JP-T-8-509731 discloses that a compound repre- 
sented by fomiula (A): 
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(A) 



(wherein R^^ represents H or CI -6 alkyi; R2A represents. C3-7 alkyl, C3-7 cycloalkyi, etc, D^A represents COR^. 
COCOR^, etc., R'^A represents H, OR^A, NHOH, etc.; RSA represents H, C1-6 alkyl, etc.; XA represents O, etc.; and 
YA represents O, etc.) or a pharmaceutically acceptable salt thereof has a PDE4 Inhibitory activity (necessary parts 
were extracted from the description of groups). 

[0009] Also, the specification of WO 93/1 9747 discloses that a compound represented by formula (B): 



(wherein R^^ represents -(CR^brsbj^rsB; rs Is 1 to 6; R^^ and R^b each independentiy represents a hydrogen atom 
or a C1-2 all<yi group; R^b represents a hydrogen atom, a C3-6 cycloall<yl group, etc.; represents Y^R^b, efc; Y^ 
represents O, etc.; R2B represents methyl, ethyi, etc.; X^b represents O, etc.; X^s represents a hydrogen atom, etc.; 
sB is 0 to 4; R^b represents a hydrogen atom, CN, etc.; X'^ represents a hydrogen atom, etc.; represents CR^^R^^C 
(0)0R14B^ CR8BR8Bc(Y'B)NRiOBRUB^ Qtc; R8B a hydrogen atom, etc.; R^^B represents a hydrogen atom. OR^b, etc.; 
and represents a hydrogen atom, etc.) or a phamiaceuticaiiy acceptable salt thereof has a PDE4 Inhibitory activity 
(necessary parts were extracted from the description of groups). 

[0010] Also, the specification of WO 93/19749 discloses that a compound represented by formula (C): 



(wherein R^c represents -(CR^Crscj^rsc^ etc.; rC is 1 to 6; R^ and R^c each Independently represents a hydrogen 
atom or a C1 -2 allcyl group; R®^ represents a hydrogen atom, a C3-6 cycloalkyi group, etc.; represents Y^RSC^ gfc.; 
yc represents O, etc.; R2C represents methyl, ethyl, etc.; X^c represents O, etc.; X^c represents a hydrogen atom, 
etc.; X^ represents 
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etc.; represents a hydrogen atom, CN, etc.; represents a hydrogen atom, etc.; sC is 0 to 4; represents C 

(0) 0R1^, C(Y'C)NR10Cri^, etc.; FO^ represents a hydrogen atom OR^c, etc.; R^c represents a hydrogen atom. 
etc; and R^^^ represents a hydrogen atom, etc.) or a pharmaceutically acceptable salt thereof has a PDE4 inhibitory 
activity (necessary parts were extracted from the description of groups). 

DISCLOSURE OF THE INVENTiON 

[001 1 } In order to find a compound having a P0E4 inhibitory activity, the present inventors have conducted intensive 
studies and found, as a result, that the objects can be accomplished by piperidine derivatives represented by fonnula 

(1) , and thus the present invention has been accomplished. 
[001 2] The present invention relates to 

(1 ) piperidine derivatives represented by fonmula (I): 



(wherein R^ represents 1) a hydrogen atom or 2) a cyano group; R2 and each Independently represents 1) a 
CI -8 alkyl group, 2) a C3-7 cycloalkyi group, 3) a C1-8 all<yl group substituted with a C3-7 cycloall<yl group, 4) a 
CI -8 alkyl group substituted with 1 to 3 halogen atom(s), 5) a hydrogen atom, 6) a C1-8 alkyl group substituted 
with a phenyl group, 7) a CI -8 alkyl group substituted with a 01-8 alkoxy group, or 



(in which n represents 1 to 5.); and R^ each independently represents 1) a hydrogen atom or 2) a CI -8 alkyl 
group, or 

R* and R^ are taken together with the binding carbon atom to represent a C3-7 saturated carbocyclic ring; R^ 
represents 1) a hydroxy I group, 2) a CI -8 alkoxy group. 3) -NHOH, or 4) a C1-8 alkoxy group substituted with a 
phenyl group; and m Is 0 or an integer of 1 to 4.) or a nontoxic salt thereof, 

(2) a process for preparing thereof, and 

(3) an agent comprising thereof as an active ingredient. 

Detailed Description of the Invention 

[0013) In fonnula (I), the C1 -8 alkyl group includes methyl, ethyl, propyl, butyl, pentyl, hexy), heptyl, and octyl groups, 
and isomers thereof. 

[0014] In fomiula (I), theC1 -8 alkoxy group includes methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, heptyloxy, 
and octyloxy groups, and Isomers thereof. 

[001 5] In the present invention, the halogen atom means a chlorine, bromine, fluorine or iodine atom. 

[001 6] in fomiula (I), the C3-7 cycloalkyi group includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

and cyclooctyl groups. 

[001 7] In formula (I), the C3-7 saturated carbocyclic ring represented by R"^ and R^ taken together the binding carbon 
atom includes C3-7 cycloalkyi groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cy- 
clooctyl groups. 

[0018] Unless otherwise indicated, all isomers are included in the present invention. For example, the alkyl group, 




(I) 
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the alkoxy group and the alkylene group include straight-chain groups and branched-chain groups. Moreover, isomers 
in a doubie bond, a ring, a fused ring (E-, cis-, trans-isomer), isomers due to the presence of an asymmetric carbon 
atom(8), etc. (R-, S-isomer, a-, p-isomer, enantiomer, diastereomer), opticaiiy active Isomers having optical rotation 
(D-, L-, d-, i-isomer), polar compounds separated by chromatography (high polar compound, low poiar compound), 
5 equilibrium compounds, mixtures thereof at arbitrary ratios and racemic mixtures are included in the present Invention. 
[0019] According to the present Invention, unless othenwise indicated and as is apparent for those skilled in the art, 
symbol 

indicates that It Is bound to the opposite side of the sheet (namely a-configuration). symbol 



indicates that It is bound to the front side of the sheet (namely ^-configuration), symbol 

20 

indk:ates that it is a-, ^- or a mixture thereof, and symbol 



Indteates that it is a mixture of a-conflguration and p-configuratlon. 

[0020] The compound represented by formula (I) can be converted into a nontoxic salt by known methods. 
30 [0021 ] In the present specification, the nontoxic salt includes alkaline metal salts, alkaline earth metal salts, ammo- 
nium salts, amine salts, acid-addition salts, and the like. 

[0022] The salt is preferably nontoxic and water-soluble. Appropriate salts include salts of alkali metals (e.g., potas- 
sium, sodium, etc.), salts of alkaline earth metals (e.g., calcium, magnesium, etc.), ammonium salts, and pharmaceu- 
tically acceptable organic amines (e.g., tetramethylammonium, triethylamine, methyiamine, dlmethylamine, cy- 
35 clopentylamine, benzylamlne, phenethyiamine, piperidine, monoethanolamine, diethanolamine, tris(hydroxymethyt) 
aminomethane, lysine, arginlne, N-methyl-D-glucamine, etc.). 

[0023] The acid-addition salt is preferably nontoxic and water-soluble. Appropriate acid-addition salts include inor- 
ganic acid salts such as hydrochloride, hydrobromate, hydroiodate, sulfate, phosphate, and nitrate; and organic acid 
salts such as acetate, lactate, tartarate, benzoate, citrate, methane sulfonate, ethane sulfonate, benzene sulfonate, 
^0 toluene sulfonate, isethionate, glucuronate, and gluconate. 

[0024] Furthennore, the compound of the present invention represented by formula (I) or a salt thereof can be con- 
verted into a solvate by known methods. 

[0025] The solvate is preferably nontoxic and water-soluble. Appropriate solvates include solvates such as water 
and an alcohol solvent (e.g., ethanol, etc.). 
45 [0026] In formula (I), R"" is preferably a cyano group. In formula (I), R2 Is preferably a C1-8 alkyi group, a C3-7 
cycloalkyi group, or a CI -8 alkyI group substituted with a C3-7 cycioalkyi group, and more preferably a methyl group, 
an ethyl group, an isopropyl group, a 2-methylpropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclopropyl- 
methyl group. 

[0027] In formula (I), R^ is preferably a C1-8 alkyi group or a C1-8 alkyI group substituted with a 1-3 halogen atom 
so (s), and more preferably a methyl group, an ethyl group, an isopropyl group, a 2-methylpropyl group, or a dlfluoromethyl 
group. 

[0028] In formula (I), R^ and R^ are preferably hydrogen atoms. 

[0029] In formula (I), R^ is preferably a hydroxy) group or -NHOH, and more preferably -NHOH. 
[0030] Among the compounds of the present invention represented by formula (I), preferred compounds are com- 
55 pounds represented by fonnula (l-A): 
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OH 



a-A) 



(wherein alt symbols have the same meanings as described above), compounds represented by formuta (l-B): 




(wherein all symbols have the same meanings as described above), compounds represented by tonnula (l-C): 

CH3 

(I-C) 

(wherein all symbols have the same meanings as described above), compounds represented by fomnula (1-0): 



(ID) 



(wherein all symbols have the same meanings as described above), compounds represented by fomiula (l-E): 





(IE) 



(wherein all symbols have the same meanings as described above), compounds represented by fonnuia (l-F): 
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H (I-F) 



(wherein all symbols have the same meanings as described above), compounds represented by fbmnula (l-G): 



H3C CHj 



R' 



(I-G) 



(wherein all symbols have the same meanings as described above), compounds represented by fomnula (l-H): 



25 




3S (wherein all symbols have the same meanings as described above), compounds represented by fonnula (l-J): 




(wherein all symbols have the same meanings as described above), and compounds represented by formula (l-K): 



55 




' 4 (I-Kl 
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(wherein all symbols have the same meanings as described above). 

[0031] Concrete compounds of the present invention include compounds shown in Tables 1 to 1 0, compounds de- 
scribed in Examples, and nontoxic salts, acid-addition salts and solvates thereof. Also, in each Table, Me represents 
a methyl group; Et represents an ethyl group; i-Pr represents an isopropyl group; CH2-c-Pr represents a cyclopropyl- 
methyt group; CHaC-Pen represents a cyclopentylmethyl group; c-Bu represents a cydobutyl group; c-Pen represents 
a cyclopentyl group; CH F2 represents a difluoromethyl group; and other symbols have the same meanings as described 
above. 
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[Process for producing the compound of the present invention] 

[0032] The compound of the present invention represented by fonnula (I) can be prepared by the foliowing methods 
or methods described in Exampies. 
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[1] Among the compounds of the present invention represented by fonnula (I), a compound in which represents 
a CI -8 all<oxy group or a C1-8 alkyi group substituted with a phenyl group; and -OR^ and -OR^ do not represent 
a hydroxy) group, i.e., a compound represented by formula (lA): 




(wherein R^"" represents a C1-8 alkoxy group or a C1-8 alky) group substituted with a phenyl group; -0R2-"< and 
-OR^-"" have the same meanings as -OR2 and -OR^, with the proviso that they do not represent a hydroxyl group; 
and other symbols have the same meanings as described above) can be prepared by the following methods a) to c). 

a) The compound represented by formula (lA) can be prepared by reacting a compound represented by formula 
(il-1): 




(wherein all symbols have the same meanings as described above) with a compound represented by formula 



R4 



(wherein R^ represents a leaving group (e.g., a halogen atom, a trifluoromethylsulfonyloxy group, a mesyloxy 
group or a tosyloxy group), and other symbols have the same meanings as described above). 

Reaction of the compound represented by formula (11-1) with the compound represented by formula (III- 
1) Is known. For example, it is carried out at Oto 100^*0 in an inert organic solvent (e.g., dimethylfomiamide, 
dimethyl sulfoxide, chloroform, methylene chloride, diethyl ether, tetrahydrofuran, acetonitrile, etc.) in the pres- 
ence of a base (e.g., potassium carbonate, calcium carbonate, sodium carbonate, cesium cartonate, triethyl- 
amine, pyridine, 2,6-lutidine, etc.). 

b) The compound represented by fomiula (lA) can be prepared by reacting a compound represented by formula 
(H-2): 
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(wherein all symbols have the same meanings as described above) with a compound represented by fonfnula 
(III-2): 



H2N-(CH2)ffr-V"-COR^-^ 

(wherein all symbols have the same meanings as described above). 

Reaction of the compound represented by fonmula (11-2) with the compound represented by fonnula (III- 
2) is i^nown. For examtale, It Is can-ied out in a mixed solvent of an inert organic solvent (e.g., dimethylfonna- 

mide, dimethyl sulfoxide, chloroform, methylene chloride, dichloroethane, diethyl ether, tetrahydrofuran, ace- 
tonitrile, etc.) with acetic acid in the presence of a reducing agent (e.g., sodium triacetoxyboron hydride (NaBH 
(0Ac)3), sodium cyanoboron hydride (NaBHaCN), etc.) at 0 to 100*'C. 

c) Also, among the compounds represented by formula (lA), a compound in which m is 1 and and R^ each 
represents a hydrogen atom, i.e., a compound represented by formula (IA-1): 




(IA-1) 



(wherein all symbols have the same meanings as described above) can be prepared by reacting the compound 
represented by formula (li-l) with a compound represented by formula (tV): 

H 

(wherein all symbols have the same meanings as described above). 

Reaction of the compound represented by formula (11-1) with the compound represented by fomiula (IV) is 
known. For example, it is carried out in an inert organic solvent (e.g., dimethylformamide, dimethyl sulfoxide, chlo- 
rofonn, methylene chloride, diethyl ether, tetrahydrofuran, acetonitrile, etc.) in the presence of a base (e.g., potas- 
sium carbonate, calcium carbonate, sodium carbonate, cesium carbonate, triethylamine, pyridine, 2,6-lutidine, 
efc.) atOto lOO^'C. 

[2] Among the compounds of the present Invention represented by formula (I), a compound In which at least one 
of -COR^ , -0R2 and represents a carboxyl group or a hydroxyl group, i.e., a compound represented by 
formula (IB): 
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(wherein -COR^^^ -OR^*^ and -OR^2 have the same meanings as -COR®, -OR^ and -OR^, with the proviso that 
at least one of them represents a carboxyl group or a hydroxyl group; and other symbols have the same meanings 
as described above) can be prepared by subjecting a compound among the compounds of formula (1A) prepared 
by the above methods in which -COR^-i , -OR2-1 or -OR^-i represents a carboxyl group or a hydroxyl group protected 
with a protecting group, i.e., a compound represented by fonnula (tA-2): 




(wherein -COR®"^, -OR2-3 and -OR^^^ have the same meanings as -COR^ -0R2 and -OR^, with the proviso that 
at least one of them represents a cartoxyl group or a hydroxyl group protected with a protecting group; and other 
symbols have the same meanings as described above) to a deprotectlon reaction of the protecting group. 

Examples of the protecting group of a carboxyl group Include a methyl group, an ethyl group, a t-butyl group, 
and a benzyl group. 

Examples of the protecting group of a hydroxy! group include a methoxymethyt group, a 2-tetrahydropyranyl 
group, a t-butyidimethyisilyl group, a t-butyldiphenyisilyl group, an acetyl group, and a benzyl group. 

The protecting groups of a cartoxyl group and a hydroxyl group are not particularly limited to the above, and 
other groups can also be used, so long as they can be easily and selectively released. For example, those which 
are described by T.W. Greene in Protective Groups in Organic Synthesis, 3rd edition, Wiley, New York, 1 999, can 
be used. 

The deprotectlon reaction of these protecting groups of a carboxyl group and a hydroxyl group Is known, and 

examples include 

(1) a deprotectlon reaction under alkaline conditions, 

(2) a deprotectlon reaction under acidic conditions, 

(3) a deprotectlon reaction by hydrolysis, 

(4) a deprotectlon reaction of a silyl group, and the like. 

These methods are specifically described below. 

(1) The deprotectlon reaction under alkaline conditions Is carried out, for example, in an organic solvent (e. 
g., methanol, tetrahydrofuran, dioxane, dimethylformamide, etc.) using an alkali metal hydroxide (e.g., sodium 
hydroxide, potassium hydroxide, lithium hydroxide, etc.), an alkaline earth metal hydroxide (e.g., barium hy- 
droxide, calcium hydroxide, etc.) or a carbonate (e.g., sodium carbonate, potassium carbonate, etc.), an or- 
ganic amine (e.g., triethylamine, diisopropylethylamlne, piperazine, etc.) or a quaternary ammonium salt (e. 
g., tetrabutylammonlum fluoride, efc.^ or an aqueous solution thereof or a mixture thereof at a temperature of 
0 to 40''C . 

(2) The deprotectlon reaction under acidic conditions is carried out, for example, in an organic solvent (e.g., 
methylene chloride, chloroform, dioxane, ethyl acetate, anisole, etc.) using an organic acid (e.g.. acetic acid, 
trifluoroacetic acid, methanesulfonic acid, etc.), an inorganic acid (e.g., hydrochloric acid, sulfuric acid, etc.) 
or a mixture thereof (e.g., hydrogen bromide/acetic acid, etc.) at a temperature of 0 to 100*'C. 

(3) The deprotectlon reaction by hydrolysis is carried out, for example, in a solvent, such as an ether system 
(e.g., tetrahydrofuran, dioxane, dimethoxyethane, diethyl ether, etc.), an alcohol system (e.g., methanol or 
ethanol), a benzene system (e.g., benzene, toluene, etc.), a ketone system (e.g., acetone, methyl ethyl ketone, 
etc.), a nitrile system (e.g., acetonitrile, etc.), an amide system (e.g., dimethy If omn amide, etc.), water, ethyl 
acetate, acetic acid or a mixed solvent of two or more o( them, in the presence of a catalyst (e.g., palladium- 
cartjon, palladium black, palladium hydroxide, platinum oxide, Raney nickel, etc.) under ordinary or forced 
pressure in an atmosphere of hydrogen or in the presence of ammonium formate at a temperature of 0 to 200°C. 

(4) The deprotectlon reaction of a silyl group is earned out, for example, in an organic solvent miscible with 
water (e.g. , tetrahydrofuran, acetonitrile, etc.) using tetrabutylammonlum fluoride at a temperature of 0 to 40*'C. 
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Although it can be easily understood by those skilled in the art, an objective compound of the present invention 
can be easily prepared by properly using these deprotectlon reactions. 

[3] Among the compounds of the present invention represented by fomiula (I), a compound In which represents 
-NHOH; and -0R2 and -0R3 do not represent a hydroxyl group, i.e., a compound represented by formula (IC): 




(wherein all symbols have the same meanings as described above) can be prepared by subjecting a compound 
represented by formula (V): 




(wherein represents a protecting group of hydroxamic acid; and other symbols have the same meanings as 
described above) to a deprotectlon reaction. 

The protecting group of hydroxamic acid includes a t-butyl group, -C(CH3)2-OCH3. a benzyl group, a t-butyld- 
Imethylsilyl group and a tetrahydropyran-1 -yl group, but other groups can also be used without particular limitation 
so long as they can be easily and selectively released. For example, those described by T.W. Greene in Protective 
Groups in Organic Synthesis, 3rd edition, Wiley, New York, 1999, can be used. 

Deprotectlon reactions of these protecting groups of hydroxamk: acid Is known, and examples include 



(1) a deprotection reaction under alkaline conditions, 

(2) a deprotection reaction under acidic conditions, 

(3) a deprotection reaction by hydrolysis, 

(4) a deprotection reaction of silyl group, and the like. 



These reactions can be carried out by the same methods described above. 
[4] Among the compounds of the present invention represented by formula (I), a compound In which R® represents 
-NHOH; and at least one of -OR2 and -OR3 represents a hydroxyl group. I.e., a compound represented by fomnula 
(ID): 
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(wherein -OR^-^ and -OR^*^ have the same meanings as >0R^ and -OR^, with the proviso that at least one group 
thereof represents a hydroxyi group; and other symbols have the same meanings as described above) can be 
prepared by subjecting, among the compounds of fomnuia (IC) prepared by the method described above, a com- 
pound in which -OR^'i or -0R^1 represents a hydroxyi group protected with a protecting group, I.e., a compound 
represented by formula (IC-1): 



(wherein -OR^-s and -OR^s have the same meanings as -0R2 and -OR^, with the proviso that at least one of them 
represents a hydroxyi group protected with a protecting group; and other symbols have the same meanings as 
described above) to a deprotection reaction of the protecting group. 

[0033] The deprotection reaction of a protecting group can be can-led out by the methods described above. 
[0034] The compounds represented by formulae (il-1), (11-2), (lli-1), (III-2). (iV) and (V) are known compounds or 
can be prepared easily by known methods. 

[0035] For example, the compounds represented by fonnulae (ii-1), (il-2) and (V) can be prepared by the methods 
shown by the following Reaction Schemes 1 to 3. 

[0036] In the reaction schemes, Me represents a methyl group; Et represents an ethyl group; Boc represents a t- 
butoxycarbonyl group; Ms represents a mesyl group; LtlHMDS represents lithium hexamethyldisilazane; TFA represents 
trifluoroacetic acid; and other symbols have the same meanings as described above. 




(IC-I) 
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Reaction Scheme 1 
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Reaction Scheme 2 
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Reaction Scheme 3 




R4 Rs 



amidation 
H2N-0-R" (XVII) 




R 



i2.1 



N 



R4 Rf 

,^(CH2)m— C— CONHO-R" 



(V) 



[0037] In Reaction Schemes 1 and 3, the compounds to be used as the starting materials represented by formulae 
(VI), (X), (Xllt) and (XVII) are known compounds or can be prepared easily by known methods. 
[0038] In each reaction described herein, the reaction product can be purified by general purification techniques 
such as distillation under ordinary pressure or a reduced pressure, high performance liquid chromatography, thin layer 
chromatography or column chromatography using silica gel or magnesium silicate, washing and recrystaliization. Pu- 
riflcatlon may be carried out in each reaction or after completion of several reactions. 

[Phamiacological Effects] 

[0039] The PDE4 inhibitory activity of the compounds of the present invention represented by fomnula (I) was con- 
fimned by the following tests. 

In vitro enzyme assay: 



[0040] U937 cells (originated from human monocyte) were cultured in PRMI 1640 medium containing 10% fetal 
bovine serum. The U937 cells were harvested and homogenized in 20 mM Tris-HCt buffer [pH 8.0, containing PMSF 
(1 mM), leupeptin (1 p.g/ml) and pepstatin A (1 M.g/ml)]. After centrifugation (at 15,000 rpm for 10 minutes), the super- 
natant was recovered and filtered through a 0.45 jxm filter The sample was applied to MonoQ (manufactured by Phar- 
macia, strong anion exchange resin) column and eluted by a density gradient of 0 to 0.8 M NaCI. Fractions from which 
the PDE activity was disappeared by 1 0 m^M rolipram (a PDE4'Seiective inhibitor) were recovered and used as the 
enzyme solution for the measurement of PDE4 inhibitory activity. 

[0041 ] The enzyme activity was measured by the following method. 80 ^1 of a diluted enzyme solution (in phosphate 
buffer (pH 7.4) containing 0.1 mg/kg bovine serum albumin), 1 0 p.1 of a solution of the compound of the present invention 
(in 10% DMSO) and IOp.1 of ^H-cAMP (20,000 cpm, lOjiM) [In an imidazole buffer (100 mM, pH 7.5) containing MgS04 
(1 00 mM) and bovine serum albumin (1 mg/ml)] were mixed and incubated at room temperature for 30 minutes. The 
reaction was stopped by treating the reaction solution for 2.5 minutes in a microwave oven. After centrifugation (at 
2,000 rpm for 1 minute), 1 0 ^1 of snake venom (1 mg/ml. manufactured by Sigma, trade name V7000) was added and 
incubated at room temperature for 30 minutes. To an alumina column (100 p.1), 50 \i\ of the supernatant was applied, 
eluted with 80 ^] of 0.005 N hydrochloric acid, and radioactivity of the eluate was measured. 



Test methods: 
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[0042] PDE4 inhibitory activity ratio of the compound of the present invention was calculated by the following equa- 
tion: 

^ PDE4 inhibitory activity ratio (%) 

= (1 - radioactivity in the presence of the compound of the present invention/ 
radioactivity in the absence of the compound of the present invention) x 100 

10 

[0043] The IC^q value was calculated on each compound as a concentration of the compound of the present invention 
which inhibits 50% of the PDE4 activity. 
[0044] The test results are shown in Table 11 . 

15 Table 11 



Ex No. 


ICso (nM) 


3 


0.03 



20 TNF-a production Inhibitory activity: 

[0045] A heparinized blood sample collected from a healthy person was dispensed in 1 80 \iVwe\\ into a 96-well plate. 
A solution of the compound of the present Invention (final concentration of DMSO: 0.1% or less) was dispensed at 10 
^.1 and the plate was allowed to stand at 37<'C for 30 minutes In a 5% CO2 Incubator. The reaction was Initiated by 
25 adding 1 0 ^1 of LPS solution. After 6 hours of incubation in a CO2 incubator (5% CO2, humidified), the plate was shaken 
and then centrifuged at 300 x g for 5 minutes to recover 50 \i\ of the supematant (blood plasma). The amount of TNF* 
a in the supernatant was measured using a human TNF-a ELISA kit (DIACLONE Cat. No. 850.090.096) In accordance 
with the method attached thereto. As a result, the compound of the present invention showed a dose-dependent in- 
hibitory activity. 

30 

[Toxicity] 

[0046] The toxicity of the compound represented by formula (I) of the present invention Is very low so that it is 
considered that the compound Is sufficiently safe for using as a phamiaceutical. 

35 

INDUSTRIAL APPLICABILITY 
[Application to phanriaceutrcal) 

40 [0047] Since the compound of the present invention has PDE4 inhlbrtion activity, it is considered that it is useful in 
preventing and/or treating various diseases such as inflammatory diseases (e.g., asthma, obstructive lung disease, 
sepsis, sarcoidosis, nephritis, hepatitis, enteritis, etc.), diabetic diseases, allergic diseases (e.g., allergic rhinitis, allergic 
conjunctivitis, seasonal conjunctivitis, atopic dermatitis, etc.), autoimmune diseases (e.g., ulcerative colitis, Crohn's 
disease, rheumatism, psoriasis, multiple sclerosis, collagen disease, etc.), osteoporosis, bone fracture, obesity, de- 

45 pression, Parkinson's disease, dementia, ischemia-reperfusion injury, leukemia and AIDS. 

[0048] The compound represented by formula (I) of the present invention, a nontoxic salt thereof or a hydrate thereof 
is generally administered systemically or topically and orally or parenterally when it is used for the above objects. 
[0049] The dosages are determined depending on age, body weight, symptom, therapeutic effect, administration 
route, duration of the treatment and the like. Generally, 1 mg to 1 000 mg per adult is orally administered once to several 

50 times per day, or 1 mg to 1 00 mg per adult is parenterally administered (preferably by intravenous administration) once 
to several times per day, or continuously administered from vein for 1 to 24 hours per day 

[0050] Since the dose changes depending on various conditions as described above, there are cases in which doses 
lower than or greater than the above ranges may be used. 

[0051] The compound represented by fomnula (I) of the present Invention may be administered in the form of solid 
55 compositions, liquid compositions and other compositions for oral administration, and injections, liniments, supposito- 
ries, eye lotions. Inhalants and the like for parenteral administration. 

[0052] Solid compositions for oral administration Include tablets, pills, capsules, dispersible powders, granules and 
the like. 
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[0053] Capsules include hard capsules and soft capsules. 

[0054] In such solid compositions, one or more active compound(s) are mixed with at least one Inert diluent such as 
lactose, mannitol, glucose, hydroxypropyl cellulose, microcrystalline cellulose, starch, polyvinyl pyrrolidone or magne- 
sium metasllicate aluminate. The composition may also contain additional substances other than the Inert diluent, e. 

5 g., lubricants such as magnesium stearate, disintegrating agents such as cellulose calcium giycolate, stabilizing agents 
such as lactose, and assisting agents for dissolving such as glutamic acid and asparatic acid according to usual meth- 
ods. If necessary, the tablets or pills may be coated with film of gastrlc-or enteric- coating agents such as sugar, gelatin, 
hydroxypropyl cellulose and hydroxypropyl cellulose phthalate, or be coated with two or more films. Furthemnore, cap- 
sules of absorbable materials such as gelatin are included. 

10 [0055] Liquid compositions for oral administration include pharmaceuticaiiy acceptable emulsions, solutions, syrups, 
elixirs and the like. In such liquid compositions, one or more active compound(s) are contained In an -inert diluent 
commonly used (e.g., purified water, ethanol). Furthennore, such compositions may also contain auxiliary material 
such as wetting agents or suspending agents, sweetening agents, flavoring agents, flavoring agents, and preserving 
agents. 

IS [0056] Other compositions for oral administration include sprays containing one or more active compound(s) which 
are prepared by known methods. Such compositions may contain stabilizing agents such as sodium hydrogen sulfate, 
buffering agents to give isotonicity, isotonic solutions such as sodium chloride, sodium citrate or citric acid, in addition 
to inert diluents. The process for preparing sprays are described in U.S. Patents 2,868,691 and 3,095,355. 
[0057] Injections for parenteral administration In the present Invention include sterile aqueous or non-aqueous so- 

20 lutions, suspensions and emulsions. Aqueous solutions and suspensions include distilled water for injection and phys- 
iological saline. Non-aqueous solutions and suspensions include propylene glycol, polyethylene glycol, plant oil such 
as olive oil, alcohols such as ethanol, POLYSORBATE80 (registered trade mark), and the like. Sterile aqueous and 
non-aqueous solutions, suspensions and emulsions may be used as a mixture. Such compositions may further contain 
preserving agents, wetting agents, emulsifying agents, dispersing agents, stabilizing agents (e.g., lactose), auxiliary 

25 agents such as solubllizing auxiliary agents (e.g., glutamic acid, aspartic acid). They may be sterilized by filtration 
through a bacteria-retaining filter, incorporation of a sterilizing agent or irradiation. For example, they may also be 
manufactured in the form of sterile solid compositions which can be dissolved in sterile water or other sterile diluent 
for injection before use of the freeze-drled product. 

[0058] The dosage fonn of instillations for parenteral administration include eye lotions, suspending eye lotions, 

30 emulsion eye lotions, eye lotions dissolved when used, and eye ointments. 

[0059] These instillations are manufactured according to known methods. For example, the eye lotions can be pre- 
pared, if necessary, by appropriately selecting isotonizing agents (e.g., sodium chloride, concentrated glycerine, etc.), 
buffering agents (e.g., sodium phosphate, sodium acetate, etc.), surfactants (e.g., POLYSORBATE80 (product name), 
polyoxyl 40 stearate, potyoxy ethylene hydrogenated castor oil, etc.), solubllizing agents (sodium citrate, sodium ede- 

35 tate, etc.), preserving agents (e.g., benzalkonlum chloride, paraben, etc.), and the like. They are sterilized In the final 
step or prepared by aseptic manipulation. 

[0060] The inhalants for parenteral administration Include aerosols, powders for inhalation, and liquids for inhalation, 
and the liquid for Inhalation may be in the form which is dissolved or suspended in water or an appropriate medium 
when used. 

40 [0061] These inhalations can be produced according to known methods. 

[0062] For example, the liquids for inhalation can be prepared, if necessary, by appropriately selecting preserving 
agents (e.g., benzalkonlum chloride, paraben, etc.), coloring agents, buffering agents (e.g., sodium phosphate, sodium 
acetate, etc.), isotonizing agents(e.g., sodium chloride, concentrated glycerine, etc.), thickeners (e.g., carboxyvlnyl 
polymer, etc.), absorbefacients, and the like. 

45 [0063] The powders for inhalation can be prepared, if necessary, by appropriately selecting lubricants (e.g., stearic 
acid, salts thereof, etc.), binding agents (e.g., starch, dextrin, etc.), excipients (e.g., lactose, cellulose, etc.), coloring 
agents, preserving agents (e.g., benzalkonlum chloride, paraben, etc.), absorbefacients, and the like. 
[0064] When the liquids for inhalation are administered, a sprayer (e.g., atomizer, nebulizer) is usually used. When 
the powders for inhalation are used, an inhalation administration apparatus for powder agents is usually used. 

50 [0065] Other compositions for parenteral administration Include liquids for external use, endemic liniments, oint- 
ments, suppositories for intrarectal administration, pessaries for Intravaginal administration and the like containing one 
or more active compound(s) which can be prepared by known methods. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 

[0066] The present invention is explained below in detail based on Reference Examples and Examples; however, 
the present Invention is not limited thereto. 

[0067] The solvents In the parentheses show the developing or eluting solvents.and the ratios of the solvents used 
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are by volume in chromatographic separations orTLC. The solvents In the parentheses In NMR show the solvents for 
measurement. 

Reference Example 1 

(t-butoxy)-N,N-bis(2-hydroxyethyl)carboxamide 
[0068] 




[0069] To a methylene chloride (200 ml) solution of bis(2-hydroxyethyi)amine (20.0 g), a methylene chloride (50 ml) 
solution of di-t-butyidicarbonate (45.6 g) was added dropwise at 0°C, followed by stirring at 0°C for 1.5 hours. The 
reaction mixture was concentrated under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy (hexane : ethyl acetate = 2 : 1 1 : 2 -> ethyl acetate alone) to thereby obtain the titte compound (41 .0 g) having 
the following physical properties. 
[0070] TLC : Rf 0.56 (chlorofomi : methanol =10:1); 
NMR (CDCI3) : 8 3.80 (s. 4H). 3.43 (s, 4H), 3.60-3.00 (br, 2H), 1.47 (s, 9H). 

Reference Example 2 

(t-butoxy)-N,N-bis(2-(methylsulfonyloxy)ethyl)carboxamide 
[0071] 




[0072] To a methylene chloride (80 ml) of the compound (7.85) prepared in Reference Example 1 , triethylamine (16.0 
ml) and mesyl chloride (8.89 ml) were added dropwise at -78*'C. The reaction mixture was stirred at -78'*C for 10 
minutes, and water was added thereto, followed by heating up to room temperature. The reaction mixture was extracted 
with ethyl acetate (twice). The extract was washed with saturated saline. The extract was dried over anhydrous sodium 
sulfate and concentrated under reduced pressure to thereby obtain the title compound (13.2 9) having the following 
physical properties. 
TLC : Rf 0.64 (ethyl acetate); 

NMR (CDCI3): 6 4.40-4.25 (m, 4H). 3.62 (br.t, J = 5.4 Hz. 4H), 3.04 (s, 6H), 1 .48 (s, 9H). 
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Reference Example 3 

4-(3-cyclopentyloxy-4-methoxyphenyt)-4-cyanopiperjdin-1-ylcarboxylic acid • t-butyl ester 
5 [0073] 



10 



IS 




[0074] To an anhydrous tetrahydrofuran (30 ml) solution of 2-(3-cyclopenthyloxy-4-methoxyphenyl)ethane nitrite 
(2.50 g), 1 .0 M lithiunfi hexamethyldisllazane (LiHMDS; 24.0 ml in THF) was added dropwise at-ye^C, followed by 

20 stirring at -TQ^C for 20 minutes. To the reaction mixture, a tetrahydrofuran (10 ml) solution of the compound (2.17 g) 
prepared In Reference Example 2 was added dropwise, followed by heating up to room temperature and stirring for 2 
hours. The reaction mixture was diluted with iced water and saturated saline, and extracted with ethyl acetate. The 
extract was washed with saturated saline, dried over anhydrous magnesium sulfate, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (hexane : diethyl ether = 2:1^1 : 2 diethyl 

25 ether alone) to thereby obtain the title compound (1 .78 g) having the following physical properties. 
TLC : Rf 0.56 (hexane : ethyl acetate = 2:1). 

Reference Example 4 

30 4*(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidine ■ hydrochloride 

[0075] 




[0076] To a methylene chloride (1 0 ml) solution of the compound (1 .68 g) prepared in Reference Example 3, meth- 
45 yithiobenzene (5 ml) and trifluoroacetic acid (5 ml) were added at room temperature, followed by stirring at room tem- 
perature for 1 .5 hours. The reaction mixture was diluted with water, and extracted with methylene chloride (twice). The 
extract was dried over anhydrous sodium sulfate, and concentrated under reduced pressure. To the residue, a 4 N 
hydrogen chloride-ethyl acetate solution (1 ml) was added, and the mixture was concentrated under reduced pressure. 
To the residue, ethyl acetate was added, and the precipitated solid was filtered to thereby obtain the title compound 
so (51 0 mg) having the following physical properties. 
TLC : Rf 0.33 (chloroform : methanol = 10 : 1); 

NMR (CDCI3) : 5 10.02 (br.s» 2H), 7.10-7.00 (m, 2H), 6.88 (d, J = 9.0 Hz, 1 H), 4.82 (m. 1H), 3.86 (s. 3H), 3.80-3.60 (m, 
2H), 3.50-3.30 (m, 2H), 2.80-2.60 (m, 2H), 2.40-2.20 (m. 2H), 2.10-1.80 (m, 6H), 1.80-1.60 (m, 2H). 

55 
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Example 1 

2-(4-(3-cycIopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetlc acid • ethyl ester 
5 [0077] 



.CH3 



35 




[0078] A mixture of the compound (300 mg) prepared In Reference Example 4, potassium carbonate (246 mg), 
dimethylformamide (4 ml) and 2-bromoacetic add ethyl ester (0.15 ml) was stirred at room temperature for 20 hours. 
The reaction mixture was diluted with ethyl acetate, washed with water and saturated saline In this order, dried over 
20 anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was purified by silica get column 
chromatography (hexane : ethyl acetate = 2 : 1 1 : 1 -> ethyl acetate alone) to thereby obtain the title compound 
(341 mg) having the following physical properties. 
TLC : Rf 0.36 (hexane : ethyl acetate = 2:1); 

NMR (CDCI3) : 6 7.10-6.95 (m, 2H), 6.86 (d, J = 8.8 Hz. 1H), 4.79 (m, 1H), 4.22 (q, J = 7.0 Hz, 2H). 3.85 (s, 3H), 3.31 
25 (s. 2H), 3.15-3.00 (m. 2H), 2.75-2.55 (m, 2H). 2.30-2.05 (m, 2H). 2.20-2.00 (m, 2H), 2.00-1.80 (m, 6H), 1.80-1.50 (m, 
2H), 1.30 (t, J = 7.0 Hz, 3H). 

Example 1(1) to Example 1(14) 

30 [0079] The following compounds of the present invention were obtained in the same manner as in Example 1 using 
the compound prepared in Reference Example 4 or a corresponding amine derivative and 2-bromoacetic acid ethyl 
ester or a corresponding halogen derivative. 



Example 1(1) 

2-(4-(3,4-dlmethoxyphenyl)-4-cyanoplperidln-1-yl)acetlc acid ethyl ester 
[0080] 



O^CHa 



TLC : Rf 0.33 (hexane : ethyl acetate = 2:1); 
50 NMR (CDCI3) : 6 7.06 (dd, J = 8.4, 2.4 Hz, 1H), 6.99 (d, J = 2.4 Hz, 1H), 6.87 (d, J 8.4 Hz, 1H), 4.22 (q, J = 7.4 Hz, 
2H), 3.90 (s, 3H), 3.89 (s, 3H), 3.31 (s, 2H). 3.15-3.00 (m. 2H), 2.75-2.60 (m, 2H), 2.30-2.15 (m, 2H), 2.15-2.00 (m, 
2H), 1.30 (t, J = 7.4 Hz, 3H). 



55 



31 



EP1 308 440A1 



Example 1(2) 



2-(4-(3-ethoxy-4-methoxyphenyt-4-cyanopiperidin-1-yl)acetic acid • ethyl ester 



[0081] 



H3C 




TLC : Rf 0.50 (ethyl acetate); 

NMR (COCI3) : 5 7.30-6.95 (m, 2H), 6.87 (d, J = 8.4 Hz. 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.10 (q. J = 7.2 Hz, 2H). 3.88 
(s, 3H), 3.31 (s, 2H), 3.13-3.05 (m, 2H), 2.73-2.60 (m, 2H), 2.26-2.15 (m. 2H), 2.12-2.05 (m, 2H), 1.47 (t, J = 7.2 Hz. 
3H), 1.30 (t. J =7.2 Hz, 3H). 

Example 1(3) 

2-(4-(3-cyclopropylmethcxy-4-methoxyphenyl)-4-cyanoplperidin-1-yl)acetic add • ethyl ester 



TLC ; Rf 0.36 (hexane : ethyl acetate = 2:1); 

NMR (CDCI3): S 7.05 (dd, J = 8.7, 2.7 Hz, 1 H), 6.99 (d, J = 2.7 Hz, 1 H), 6.87 (d, J = 8.7 Hz, 1 H), 4.22 {q, J = 7.2 Hz, 
2H), 3.88 (s, 3H), 3.86 (d, J = 6.9 Hz, 2H), 3.30 (s, 2H), 3.15-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m, 2H), 
2.15-2.00 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H), 1.40-1.20 (m. 1H). 0.70-0.60 (m, 2H), 0.40-0.30 (m, 2H). 

Example 1 (4) 

2-(4-(3-lsopropyloxy-4-methoxyphenyl)-4-cyanopiperldin-1-yl)acetlc acid - ethyl ester 



[0082] 




[0083] 




TLC : Rf 0.34 (hexane : ethyl acetate = 2:1); 
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NMR (CDCI3) : 5 7.10-7.00 (m, 2H), 6.87 (d. J = 8.4 Hz. 1H). 4.64 (sept, J = 6.0 Hz, 1 H), 4.22 (q, J = 7.2 Hz, 2H), 3.86 
(s, 3H), 3.30 (s, 2H). 3.20-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m. 2H), 2.15-2.00 (m, 2H), 1 .37 (d. J = 6.0 Hz, 
6H), 1.30 (t, J = 7.2 Hz, 3H). 

Example 1 (5) 

2-(4-(3-cyclobutyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetlc acid • ethyl ester 
[0084] 




TLC : Rf 0.95 (chloroform : methanol = 9:1); 

NMR (CDCI3) : 5 7.02-7.00 (m, 1H). 6.90-6.80 (m, 2H), 4.67 (quint, J = 7.2 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H). 3.87 (s, 
3H), 3.31 (s, 2H), 3.12-3.05 (m, 2H), 2.73-2.60 (m. 2H), 2.55-2.43 (m, 2H). 2.33-2.00 (m, 6H), 1.93-1.78 (m, 1H), 
1 .76-1 .60 (m, 1 H), 1 .30 (t, J = 7.2 Hz, 3H). 

Example 1(6) 

2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopIperidln-1-yl)propanoic acid ethyl ester 
[0085] 




TLC : Rf 0.46 (hexane : ethyl acetate = 2:1); 

NMR (CDCI3) : 6 7.05-6.95 (m, 2H). 6.85 (d, J = 8.7 Hz, 1H), 4.79 (m, 1H), 4.30-4.15 (m, 2H), 3.84 (s, 3H),3.37 (q, J 
= 7.4 Hz, 1H), 3.10-2.95 (m. 2H), 2.90-2.65 (m, 2H), 2.20-2.00 (m, 4H), 2.00-1.80 (m, 6H). 1 .75-1.50 (m. 2H), 1.35 (d. 
J = 7.4 Hz, 3H), 1 .32 (t, J = 7.2 Hz, 3H). 
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Example 1 (7) 



4-(4-(3-cyclopentyloxy-4-melhoxyphenyl)-4-cyanoplperldln-1 -yl)butanoic acid • ethyl ester 



[0086] 




TLC : Rf 0.48 (hexane : ethyl acetate = 2:3); 

NMR (CDCI3) : 5 7,02-6.98 (m, 2H). 6.87-6.84 (m, 1H), 4.83-4.76 (m. 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H). 
3.05-2.97 (m, 2H). 2.52-2.43 (m, 4H), 2.38 (t. J = 7.2 Hz, 2H), 2.12-2.03 (m, 4H), 2.01 -1 .76 (m. 8H), 1 .68-1 .55 (m, 2H), 
1.27 (t, J = 7.2 Hz,3H). 

Example 1(8) 

2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperjdin-1-yl)butanoicacid • ethyl ester 



NMR (CDCI3) : 5 7.02-6.98 (m, 2H), 6.88-6.83 (m, 1H), 4.83-4.76 (m, 1H), 4.24 (q, J = 7.4 Hz, 2H). 3.84 (s. 3H), 
3.16-3.10 (m. IN), 3.05-2.95 (m, 2H), 2.95-2.84 (m, 1H), 2.79-2.69 (m, 1H), 2.13-2.01 (m, 4H), 2.00-1.54 (m, 10H). 
1 .26 (t, J = 7.1 Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H). 

Example 1(9) 

2-(4-(3-cyclopentyloxy-4-difluoromethoxyphenyl)-4-cyanopiperjdln-1-yl)acetlc acid • ethyl ester 



[0087] 




TLC : Rf 0.55 (hexane : ethyl acetate = 2:1); 



[0088] 
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TLC : Rf 0.20 (hexane : ethyl acetate 2 : 1); 

NMR (CDCI3) : 5 7.16 (d, J = 8.4 Hz, IH), 7.10 (d. J « 2.4 Hz. 1H), 7.03 (dd, J 8.4, 2.4 Hz, 1H). 6.54 {t. J =75.3 Hz, 
1H), 4.83 (m. IH), 4.22 (q, J= 7.2 Hz. 2H), 3.31 (s. 2H), 3.20-3.00 (m, 2H), 2.80-2.60 (m. 2H), 2.30-2.10 (m .2H). 
2.15-2.00 (m, 2H). 2.00-1 .70 (m. 6H), 1 .70-1 .55 (m, 2H). 1 .30 (t. J = 7.2 Hz. 3H). 

Example 1(10) 

2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopipericlin-1-yl)acetic acid • ethyl ester 
[0089] 




TLC : Rf 0.80 (chloroform : methanol =10:1); 

NMR (COCI3) : 5 7.05-6.95 (m, 2H), 6,86 (d. J = 9.0 Hz, 1H). 4.78 (m, IH), 4.22 (q. J = 7.2 Hz, 2H), 4.06 (q, J = 7.2 
Hz, 2H), 3.30 (s. 2H), 3.10-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.25-2.10 (m, 2H). 2.15-2.00 (m, 2H), 1.95-1.75 (m. 6H), 
1 .70-1 .55 (m, 2H), 1 .42 (t. J = 7.2 Hz, 3H). 1 .30 (t, J = 7.2 Hz. 3H). 

Example 1(11) 

2-(4-(3-cyctopentyloxy-4-ethoxyphenyt)-4-cyanoplperldin-1-yl)propanoic acid- ethyl ester 
[0090] 




TLC : Rf 0.41 (hexane : ethyl acetate = 2:1); 

NMR (CDCI3) : 6 7,05-6.95 (m, 2H), 6.86 (d, J = 9.0 Hz, 1 H). 4.78 (m, 1 H), 4.30-4.15 (m, 2H), 4.05 (q, J = 6.9 Hz, 2H), 
3.36 (q. J = 6.9 Hz, 1H), 3.10-2.95 (m, 2H), 2.90-2.65 (m, 2H), 2.20-2.00 (m, 4H). 2.00-1.80 (m, 6H). 1.70-1.50 (m, 
2H). 1 .42 (t, J = 6.9 Hz. 3H), 1 .34 (d, J = 6.9 Hz. 3H). 1 .32 (t, J = 6.9 Hz, 3H). 
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Example 1(12) 



2-(4-(3-cyclopentyloxy-4-isopropyto}(yphenyl)-4>cyanopiperidin-1-yl)acetlc acid • ethyl ester 



[0091] 




TLC : Rf 0.87 (chloroform ; methanol = 9 : 1); 

NMR (COCy : 6 7.01-6.97 (m, 2H), 6.89 (d, J = 7.8 Hz, 1H), 4.80-4.74 (m, 1H), 4.42 (sept. J = 6.0 Hz. 1H), 4.22 (q, 
J = 7.0 Hz, 2H), 3.30 (s, 2H), 3.12-3.02 (m. 2H), 2.72-2.61 (m, 2H), 2.26-2.14 (m, 2H), 2.12-2.05 (m, 2H). 1.90-1.76 
(m, 2H). 1 .65-1 .50 (m, 6H), 1 .31 (d. J = 6.0 Hz, 6H). 1 .28 (t, J = 7.0 Hz, 3H). 

Example 1(13) 

2-(4-(3-isopropyloxy-4-difluoromethoxyphenyl)-4-cyanoplperidin-1 -yl)acetic acid • ethyl ester 



TLC : Rf 0,63 (hexane : ethyl acetate = 1:3); 

NMR (CDCI3) : 5 7.17 (d, J = 8.4 Hz, 1H), 7.11 (d, J = 2.3 Hz, 1H), 7.05 (dd, J = 8.4, 2.3 Hz, 1H), 6.67 (t, J = 75.5 Hz, 
1 H), 4.58 (sept, J = 6.1 Hz. 1 H), 4.22 (q, J = 7.2 Hz, 2H), 3.31 (s. 2H), 3.14-3.06 (m, 2H), 2.73-2.63 (m, 2H), 2.26-2.15 
(m. 2H), 2.21 -2.04 (m, 2H), 1 .37 (d, J = 6.1 Hz, 6H), 1 .30 (t. J = 7.2 Hz, 3H). 

Example 1(14) 

2-(4-(3-cyclohexyloxy-4-difluoromethoxyphenyl)-4-cyanopiperldin-1-yl)acetic acid ■ ethyl ester 



[0092] 




[0093] 
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TLC : Rf 0.53 (hexane : ethyl acetate - 1 : 1); 

NMR (CDCI3): 6 7.17 (d, J ^ 8.6 Hz, 1H), 7.11 (d, J = 2.3 Hz, 1H), 7.06 (dd, J = 8.6, 2.3 Hz, 1H), 6.58 (t, J = 75.5 Hz. 
1H), 4.31 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.31 (s. 2H), 3.13-3.06 (m, 2H), 2.72-2.63 (m. 2H). 2.25-2.15 (m, 2H), 
2.12-2.03 (m, 2H), 1 .99-1 .89 (m. 2H), 1 .85-1 .72 (m, 2H), 1 .66-1 .50 (m, 2H). 1 .50-1 .23 (m. 4H), 1 .28 (t. J = 7.2 Hz, 3H). 

Example 2 

2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidln-1-yl)aceticacld 



[0095] A mixture of the compound (330 mg) prepared in Example 1 , ethanol (5 ml) and a 2 N aqueous sodium 
hydroxide solution (0.86 ml) was stirred at room temperature for 35 minutes. The reaction mixture was neutralized with 
2 N hydrochloric acid (0.86 ml), and subjected to azeotropy with toluene. The residue was purified by silica gel column 
chromatography (chlorofonn : methanol : water = 10 : 2 : 0.1) to thereby the compound of the present Invention (278 
mg) having the following physical properties. 
TLC : Rf 0.22 (chlorofonn : methanol: acetic acid =10:1 : 0.2); 

NMR (COCI3) : 5 7.10-7.00 (m, 2H), 6.88 (d, J = 9.0 Hz, 1H). 4.83 (m. 1H), 4.30-4.00 (br, 1H), 3.85 (s, 3H). 3.56 (br.d, 
J = 12.6 Hz, 2H). 3.46 (s, 2H), 2.99 (br.t, J = 12.6 Hz. 2H). 2.51 (br.t, J = 12.6 Hz, 2H). 2.19 (br.d, J = 12.6 Hz. 2H). 
2.05-1 .75 (m, 6H), 1 .70-1 .55 (m, 2H). 

Example 2(1) to Example 2(14) 

[0096] The following compounds of the present Invention were obtained In the same manner as in Example 2 using 
the compound prepared in Example 1(1) to Example 1(14) Instead of the compound prepared in Example 1. 

Example 2(1) 

2-(4-(3,4-dimethoxyphenyl)-4-cyanopiperldln-1 -yOacetlc acid 



TLC : Rf 0.38 (chloroform : methanol: acetic acid =10:2:1); 

NMR (DMSO-dfi) : 6 7.1 0-7.00 (m, 2H), 6.97 (d, J = 9.3 Hz. 1 H), 3.78 (s. 3H), 3.75 (s. 3H), 4.00-3.00 (br, 1 H), 3.23 (s. 
2H), 3.05-2.95 (m, 2H). 2.65-2.50 (m, 2H), 2.20-1 .95 (m, 4H). 



[0094] 




[0097] 
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Example 2(2) 



2-(4-(3-ethoxy-4-methoxyphenyt-4-cyanopiper1clin-1 -yl)acetic acid 



[0098] 




H3C 



.OH 



TLC : Rf 0.30 (chloroform : methanol = 9:1); 

NMR (CDCI3) : 5 7.10-7.05 (m, 2H). 6.95-6.85 (m, 1H), 4.15 (q, J = 6.9 Hz, 2H), 3.88 (s, 3H), 3.50-3.40 (m, 4H). 
3.10-2.95 (m, 2H), 2.60-2.40 (m. 3H). 2.25-2.15 (m, 2H), 1.49 (t, J = 6.9 Hz, 3H). 

Example 2(3) 

2-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid 



TLC : Rf 0.59 (chloroform : methanol: acetic acid = 10:2:1); 

NMR (DMSO-dg) : 6 7.05-6.95 (m, 3H), 3.83 (d, J = 6.9 Hz, 2H), 3.76 (s, 3H). 3.60-2.90 (br, 1 H), 3.27 (s, 2H), 3.05-2.95 
(m, 2H). 2.70-2.50 (m, 2H), 2.20-1 .95 (m, 4H), 1 .20 (m, 1 H), 0.65-0.55 (m, 2H), 0.40-0.25 (m, 2H). 

Example 2(4) 

2-(4-(3-isopropyloxy-4-methoxyphenyi)-4-cyanopiperidln-1-yl)acetic acid 



TLC : Rf 0.10 (ethyl acetate); 

NMR (CDCI3) : 5 7.15-7.00 (m. 2H). 6.95-6.85 (m, 1H). 4.59 (sept, J = 6.0 Hz, 1H), 3.86 (s, 3H), 3.60-3.50 (m, 2H). 
3.46 (s, 2H), 3.05-2.93 (m, 2H), 2.85-2.60 (m. 1H), 2.60-2.40 (m, 2H), 2.24-2.12 (m, 2H), 1.37 (d, J = 6.0 Hz. 6H). 



[0099] 




[0100] 
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Example 2(5) 



2-(4-(3-cyclobutylDxy-4-methoxyphenyl}-4-cyanopiperidin-1-yl)aceticacjd 



[0101] 



H3C 




TLC : Rf 0.10 {ethyl acetate); 

NMR (CDCI3) : 6 7.10-7.00 (m, 1H), 6.95-6.85 (m, 2H), 4.71 (quint, J = 7.5 Hz, 1H), 3.87 (s. 3H), 3.70-3.40 (m, 2H), 
3.49 (s, 2H), 3.10-2.95 (m. 2H), 2.70-2.00 (m, 9H), 2.00-1.80 (m. 1H), 1 .80-1 .60(m, 1H). 

Example 2(6) 

2:(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanoicacid 



TLC : Rf 0.67 (chlorofomi : methanol : acetic acid =15:2:1); 

NMR (DMSO-dg) 7.03-6.94 (m. 3H), 4.88-4.80 (m. 1H). 3.73 (s, 3H), 3.30 (q, J = 7.1 Hz, 1H), 4.00-2.70 (br, 1H). 
3.00-2.90 (m. 2H), 2.78-2.68 (m, 1H), 2.66-2.56 (m, IN), 2.13-2.04 (m, '2H), 2.02-1.80 (m, 4H), 1.76-1.63 (m, 4H). 
1.63-1.50 (m,2H), 1.19 (d. J = 7.1 Hz. 3H). 

Example 2(7) 

4-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidin-1-yl))butanoicacid 



[0102] 




[0103] 




TLC : Rf 0.55 (chlorofomi : methanol = 8:1); 
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NMR (DMSO-de) : 6 7.03-6.94 (m, 3H). 4.87-4.81 (m, 1 H), 3.74 (s, 3H), 3.31 (br, 1 H). 3.01 -2.96 (m, 2H), 2.44-2.38 (m, 
2H), 2.33-2.21 (m. 4H). 2.1 3-2.08 (m, 2H), 2.00-1 .94 (m. 2H), 1 .92-1 .83 (m, 2H), 1 .76-1 .63 (m, 6 H), 1 .62-1 .54 (m, 2H). 

Example 2(8) 

2-(4-(3-cyclopentyloxy-4-melhoxyphenyl)-4-cyanopiperidin-1-yl))butanoicacid 
[0104J 




TLC : Rf 0.52 (chloroform : methanol = 9 : 1); 

NMR (DMSO-dg) : 5 7.02-6.93 (m, 3H), 4.87-4.80 (m, 1 H), 3.72 (s, 3H). 3.31 (br, 1 H), 3.05 (t, J = 7.4 Hz, 1 H), 2.97-2.86 
(m, 2H), 2.81-2.70 (m, 1H), 2.64-2.54 (m, 1H), 2.13-2.04 (m, 2H). 1.99-1.80 (m, 4H), 1.75-1.63 (m. 6H), 1.63-1.51 (m. 
2H), 0.87 (t, J = 7.4 Hz. 3H). 

Example 2(9) 

2'(4-(3-cyclopentyloxy-4-dlfluoromethoxyphenyl)-4-cyanopiperidin- 1 -yl)acetlc acid 
[0105] 




TLC : Rf 0.35 (chloroform : methanol : acetic acid =10:1 : 0.2); 

NMR (DMSO-dg) : 5 7.25-7.1 5 (m, 2H). 7.09 (dd, J = 8.1 , 2.1 Hz, 1 H), 7.01 (t, J = 75.0 Hz, 1 H). 4.98 (m. 1 H), 3.60-3.00 
(br, 1H), 3.26 (s, 2H), 3.10-2.95 (m, 2H). 2.70-2.50 (m, 2H). 2.20-2.00 (m, 4H), 2.00-1.80 (m, 2H), 1.80-1.60 (m, 4H), 
1.65-1.60 (m, 2H). 
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Example 2(10) 

2-(4-(3-cyclopentytoxy-4-ethoxyphenyl)-4-cyanopiperidln-1'yl)acetic acid 
[0106] 




TLC : Rf 0.39 (chloroform : methanol: acetic acid = 10:1 : 0.2); 

NMR (DMSO-dg) : 6 7.05-6.90 (m, 3H), 4.83 (m, 1 H), 4.00 (q, J = 6.9 Hz, 2H), 4.00-3.00 (br, 1 H). 3.23 (s, 2H), 3.05-2.95 
(m, 2H), 2.65-2.50 (m, 2H), 2.15-1.90 (m, 4H). 1.95-1.80 (m, 2H), 1.80-1.60 (m, 4H). 1.65-1.50 (m. 2H), 1.29 (t, J = 
6.9 Hz, 3H). 

Example 2(11) 

2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanoplperldin-1-yl)propanoicacld 
[0107J 




TLC : Rf 0.47 (chlorofomri : methanol: acetic acid = 10:1 : 0.2); 

NMR (DMSO-dg) : 5 7.05-6.90 (m, 3H), 4.83 (m, 1H), 3.99 (q, J = 6.9 Hz, 2H), 3.90-3.00 (br, 1H), 3.31 (q, J = 6.9 Hz, 
1 H), 3.05-2.85 (m. 2H), 2.73 (m, 1 H). 2.61 (m, 1 H), 2.1 5-2.00 (m, 2H). 2.05-1 .80 (m, 4H). 1 .80-1 .60 (m, 4H), 1 .65-1 .50 
(m, 2H), 1 .29 (t. J =6.9 Hz, 3H). 1 .19 (d, J = 6.9 Hz. 3H). 

Example 2(12) 

2-(4-(3-cyclopentyloxy-4-lsopropyloxyphenyl)-4-cyanopiperidln-1-yl)acetlcacld 
[0108] 
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TLC : Rf 0.20 (chloroform : methanol = 9:1); 

NMR (CDCI3) : 5 7.04 (d, J = 2.1 Hz, 1H). 7.00 (del, J = 8.4, 2.1 Hz, 1H), 6.91 (d, J = 8.4 Hz. 1H). 4.84-4.78 (m, 1H). 
4.44 (sept. J = 6.0 Hz, 1 H), 3.48-3.34 (m, 4H), 3.02-2.90 (m, 2H), 2.48-2.30 (m, 2H), 2.20- 1 .76 (m. 9H), 1 .70-1 .60 (m, 
2H), 1 .32 (d, J = 6.0 Hz, 6H). 

Example 2(13) 

2-(4-(3-lsopropyloxy-4-difluoromethoxyphenyl)-4-cyanoplperidin-1-yl)acetlc acid 
[0109] 




TLC : Rf 0.35 (chlorofomri : methanol: acetic acid =10:2:1); 

NMR (DMSO-dg) : 57.26 (d, J = 2.2 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H). 7.11 (dd, J = 8.4. 2.2 Hz, 1H). 7.04 (t. J = 74.6 
Hz, 1H), 4.74 (sept, J = 5.9 Hz, 1H), 3.31 (br, 1H), 3.23 (s, 2H), 3.05-2.98 (m, 2H), 2.63-2.53 (m, 2H), 2.14-1.98 (m, 
4H), 1.28 (d, J=5.9 Hz, 8H). 

Example 2(14) 

2-(4-(3-cyclohexyloxy-4-difluoromethoxyphenyi)-4-cyanopiper)din-1-vl)aceticacid 
[0110] 




TLC : Rf 0.50 (chlorofomn : methanol : acetic acid =10:2:1); 

NMR (DMSO-de) : 5 7.26 (d. J = 2.1 Hz, 1H), 7.21 (d. J = 8.5 Hz, 1H), 7.10 (dd, J = 8.5, 2.1 Hz, 1H), 7.03 (t, J = 74.6 
Hz, 1H), 4.62 (m, 1H). 3.33 (br. 1H), 3.19 (s. 2H). 3.06-2.97 (m, 2H). 2.61-2.50 (m. 2H), 2.15-1.98 (m. 4H). 1.93-1 ,82 
(m, 2H), 1 .75-1 .64 (m, 2H), 1 .55-1 .25 (m, 6H). 
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Reference Example 5 

N-(1 -methyl-1 -methoxyethyl)-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-l -yl)acetamid 
[01111 




[01 1 2] The compound (239 mg) prepared in Example 2, 1 -ethyl-3-(3-dimethylaminopropyl)-carbodiimide {EDC; 1 92 
mg), 1 -hydroxybenzotriazole (HOBt; 1 35 mg), dimethylformamlde (4 ml) and (1 -methoxy-1 -methylethyl)oxyamine (0.35 
ml) was stirred at room temperature for 3 hours. The reaction mixture was diluted with ethyl acetate, washed with water 
(twice), dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (hexane : ethyl acetate = 1:1^ ethyl acetate alone) to thereby obtain the title 
compound (289 mg) having the following physical properties. 
TLC : Rf 0.26 (ethyl acetate); 

NMR(CDCl3) : 6 8.94 (br.s.lH), 7.05-6.90 (m, 2H), 6.87 (d, J = 8.4 Hz, 1H), 4.81 (m, 1H), 3.86 (s. 3H), 3.36 (s, 3H). 
3.23 (s, 2H), 3.10-3.00 (m, 2H), 2.80-2.65 (m. 2H), 2.20-2.00 (m, 2H), 2.1 0-1 .75 (m, BH), 1 .70-1 .55 (m, 2H), 1 .46 (s, 6H). 

Example 3 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetamide hydrochloride 
[0113] 




[0114] A mixture of the compound (280 mg) prepared in Reference Example 5, methanol (3 ml) and 2 N hydrochloric 
acid (0.35 ml) was stirred at room temperature for 1 hour. The reaction mixture was subjected to azeotropy with toluene. 
The residue was ground and filtered with isopropyl ether and a small amount of methanol to thereby obtain the com- 
pound of the present invention (189 mg) having the following physical properties. 
TLC : Rf 0.38 (chloroform : methanol = 10 : 1); 

NMR (pyridine-ds+CDCy : 6 7.09 (d. J = 2.4 Hz. 1 H), 6.99 (dd, J = 8.4, 2.4 Hz, 1 H), 6.88 (d, J = 8.4 Hz, 1 H), 6.08 (br. 
s, 3H), 4.75 (m, 1H), 3.72 (s. 3H). 3.30 (s, 2H), 3.02 (br.d, J = 14.4 Hz, 2H), 2.75-2.60 (m, 2H), 2.20-1.95 (m. 4H). 
2.00-1 .65 (m, 6H), 1 .60-1 .40 (m, 2H). 

Example 4 to Example 4(11) 

[01 1 5) The following compounds of the present invention were obtained in the same manner as in Reference Example 
5 Example 3 using the compound prepared in Example 2(1) to Example 2(12) instead of the compound prepared 
in Example 2. 
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Example 4 

N-hydroxy-2-(4-(3,4-dimethoxyphenyl)-4-cyanopiper1din-1-yl)acetamide hydrochloride 
5 [0116] 



H 



10 




TLC : Rf 0.21 (chloroform : methanol =10:1); 

NMR (pyridine-ds+CDCIa) : 5 7.05-6.95 (m, 2H), 6.85 (d, J = 9.0 Hz, 1H), 6.80-6.00 (br, 3H), 3.75 (s, 6H), 3.28 (s, 2H), 
3.05-2.95 (m, 2H), 2.70-2.55 (m. 2H), 2.20-1 .90 (m, 4H). 

20 

Example 4(1) 

N-hydroxy-2-(4-(3-ethoxy-4-methoxyphenyl-4-cyanoplperidln-1 -yl)acetamide • hydrochloride 
2S [01171 



H 



30 




35 

TLC : Rf 0.15 (ethyl acetate); 

NMR (pyridine-dg+CDCy 8.30-7.00 (m, 5H), 6.93-6,87 (m, 1H), 3.95 (q, J = 6.9 Hz, 2H), 3.74 (s, 3H), 3.34 (s, 2H), 
3.10-3.00 (m, 2H), 2.75-2.60 (m, 2H), 2.15-1 .95 (m, 4H), 1.33 (t, J = 6.9 Hz. 3H). 

40 

Example 4(2) 

N-hydroxy-2-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanoplperldln-1 -yl)acetamlde • hydrochloride 

45 [0118] 



so 




TLC : Rf 0.31 (chlorofomri : methanol =10:1); 

NMR (pyridine-ds+CDCia) : 6 8.80-7.50 (br. 3H), 7.08 (d, J = 2.4 Hz, 1H). 7.02 (dd, J = 8.4, 2.4 Hz, 1H), 6.87 (d. J = 
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8.4 Hz. 1H). 3.83 (d, J = 6.9 Hz, 2H), 3.73 {s, 3H). 3.30 (s, 2H), 3.10-2.90 (m, 2H), 2.70-2.55 (m, 2H), 2.15-1.95 (m. 
4H), 1.26 (m, 1H), 0.55-0.45 (m, 2H). 0.35-0.25 (m. 2H). 

Example 4(3) 

N-hyclroxy-2-(4-(3-isopropyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetamide « hydrochloride 
[0119] 




TLC : Rf 0.22 (ethyl acetate); 

NMR (pyridlne-dg+CDCIg): 6 7.10 (d, J = 2.1 Hz, 1H), 7.02 (dd, J = 6.0, 2.1 Hz, 1 H), 6.88 (d, J = 6.0 Hz, 1H), 6.25-5.50 
(m, 3H), 4.51 (sept, J = 6.0 Hz, 1H), 3.73 (s. 3H), 3.28 (s. 2H), 3.05-2.96 (m, 2H). 2.75-2.55 (m, 2H), 2.15-1.95 (m, 
4H), 1.28 (d,J = 6.0 Hz, 6H). 



Example 4(4) 

N-hydroxy-2-(4-(3-cyclobutyloxy-4-methoxyphenyl)-4-cyanoplperldin-1 -yl)acetamide • hydrochloride 



[0120] 




TLC : Rf 0.20 (ethyl acetate); 

NMR (pyridine-ds+CDCy : 5 7.05-7.00 (m. 2H), 6.95-6.88 (m, 1H). 6.80-6.20 (m. 3H). 4.65 (quint, J = 6.9 Hz, 1H), 
3.75 (8, 3H), 3.36 (s. 2H), 3.1 0-3.00 (m, 2H), 2.75-2.65 (m, 2H), 2.40-2.30 (m, 2H), 2.20-1 .90 (m, 6H), 1 .75-1 .40 (m, 2H). 
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Example 4(5) 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanamiGle hydrochloride 
[0121] 




TLC : Rf 0.44 (chloroform : methanol =10:1); 

NMR (pyridlne-ds+CDCy : 6 7.20 (d. J = 2.3 Hz, 1H), 7.09 (dd, J = 8.3. 2.3 Hz, 1H), 6.94 (d. J = 8.3 Hz. 1H), 6.45 (br, 
3H), 4.82-4.75 (m, 1 H), 3.74 (s, 3H), 3.53 (q, J = 6.9 Hz, 1H), 3.23-3.02 (m, 3H), 2.93-2.82 (m. IN), 2.26-2.10 (m, 4H), 
1 .95-1 .65 (m, 6H). 1 .53-1 .41 (m, 2H), 1 .47 (d, J = 6.9 Hz, 3H). 

Example 4(6) 

N-hydroxy-4-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)butanamide • hydrochloride 
[0122] 




TLC : Rf 0.63 (chloroform : methanol = 9 : 1); 

NMR (pyridine-ds + CDCI3) : 6 7.29 (d, J = 2.6 Hz, 1H), 7.17 (dd, J = 8.7, 2,6 Hz, 1H), 6.87 (d, J = 8.7 Hz, 1H), 6.04 
(br, 3H), 4.89-4.83 (m, 1H). 3.72 (s, 3H), 3,32-3.28 (m. 2H). 2.90-2.63 (m. 6H), 2.46 (t, J = 6.9 Hz, 2H), 2.26-2.14 (m, 
4H), 1 .92-1 .85 (m, 4H), 1 .80-1 .66 (m, 2H), 1 .56-1 .45 (m, 2H). 

Example 4(7) 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)butanamide • hydrochloride 
[0123] 
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TLC : Rf 0.54 {chloroform : methanol = 9:1): 

NMR (pyridine-ds+CDCIa) : 6 7.20 (d, J = 2.4 Hz, 1H), 7:10 (dd. J = 8.5, 2.4 Hz, 1H), 6.92 (d, J = 8.5 Hz. 1H), 6.35 (br, 
3H), 4.83-4.76 (m, 1H), 3.72 (s, 3H). 3.34-3.15 (m, 4H), 3.06-2.96 (m, 1H), 2.27-2.00 (m, 5H), 1.95-1. 62 (m, 7H), 
1 .54-1 .39 (m, 2H), 0.99 (t, J = 7.2 Hz. 3H). 

Example 4(8) 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-dlfluoromethoxyphenyl)-4-cyanopiperldm-1-yl)acetamlde ■ hydrochloride 
[0124] 




TLC : Rf 0.36 (chloroform ; methanol =10:1); 

NMR (pyridine-ds+CDCy : 5 7.23 (d, J = 8.4 Hz, 1 H), 7.18 (d. J = 1 .8 Hz, 1 H), 6.97 (dd, J = 8.4, 1 .8 Hz, 1 H), 6.97 (t, 
J = 75.0 Hz. 1H), 6.60-6.60 (br, 3H), 4.74 (m, 1H), 3.31 (s, 2H), 3.10-3.00 (m, 2H), 2.70-2.60 (m. 2H), 2.20-2.00 (m, 
4H), 1 .85-1 .60 (m, 6H), 1 .60-1 .40 (m, 2H). 

Example 4(9) 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopiperidln-1 -yl)acetamide • hydrochloride 
[0125] 




TLC : Rf 0.36 (chloroform : methanol =10:1); 

NMR (pyridine-dg+CDCIa) : 6 8.10-7.20 (br, 3H), 7.10 (d, J = 2.1 Hz. 1H), 7.00 (dd, J = 8.4, 2.1 Hz, 1H), 6.90 (d, J = 
8.4 Hz, 1H). 4.76 (m, 1H). 3.97 (q. J = 6.9 Hz, 2H), 3.31 (s, 2H), 3.10-2.95 (m, 2H), 2.75-2.60 (m, 2H), 2.20-1.95 (m, 
4H), 2.00-1 .65 (m, 6H). 1 .60-1 .40 (m, 2H), 1 .31 (t. J = 6.9 Hz, 3H). 
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Example 4(10) 

N-hyclroxy-2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopipericlin-1-yl)propanamlde hydrochloride 
[0126] 




TLC : Rf 0.37 (chlorofomri : methanol =10:1); 

NMR (pyridine-ds+CDCIa) : 3 7.14 (br.s, 1H), 7.03 (br.d, J = 8.4 Hz, 1H). 6.90 (d. J = 8.4 Hz, 1H), 7.30-6.60 (br. 3H), 
4.77 (m, 1H), 3.97 (q, J = 7.2 Hz. 2H), 3.42 (m, 1H), 3.15-3.00 {m, 2H), 2.96 (m, 1H), 2.77 (m, IN), 2.20-2.00 (m, 4H), 
2.00-1 .60 (m, 6H), 1 .60-1 .40 (m, 2H), 1 .42 (d, J = 6.6 Hz, 3H), 1 .31 (t, J = 7.2 Hz, 3H). 

Example 4(11) 

N-hydroxy-2-(4-(3-cyclopentyloxy-4-isopropyloxyphenyl)-4-cyanopiperidin-1-yl)acetamide • hydrochloride 
[01271 




TLC : Rf 0.40 (chlorofomi : methanol = 9 : 1); 

NMR (pyridine-dg+CDCja) : 6 7.15-7.10 (m, 1H), 7.05-6.90 (m. 2H), 5.80-5.35 (m, 3H), 4.78-4.72 (m. 1H), 4.46 (sept. 
J = 6.0 Hz, 1H), 3.28 (s, 2H), 3.04-2.96 (m. 2H). 2.68-2.58 (m, 2H), 2.15-1.95 (m, 4H), 1.95-1.65 (m, 6H). 1.58-1.45 
(m. 2H),1.28 (d.J = 6.0 Hz. 6H). 

Example 5 

3-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)propanoic acid - methyl ester 
[0128] 
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[0129] To a tetrahydrofuran (5 ml) solution of the compound (0.45 g) prepared In Reference Example 4, triethylamlne 
(0.37 ml) and methyl acrytate (0.36 ml) were added, followed by stinging at 45<'C for 1 day. The reaction mixture was 
cooled to room temperature, poured into water, and extracted with ethyl acetate. The extract was washed with water 
and saturated saline in this order, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. 
5 The residue was purified by silica gel column chromatography (hexane : ethyl acetate - 1 : 1) to thereby obtain the 
compound of the present invention (0.4505 g) having the following physical properties. 
TLC : Rf 0.42 (hexane: ethyl acetate = 2:3); 

NMR (CDCI3) : 5 7.02-6.97 (m. 2H). 6.87-6.83 (m. 1H), 4.83-4.76 (m, 1H), 3.85 (s, 3H), 3.70 (s, 3H). 3.05-2.96 (m. 
2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59-2.49 (m. 2H), 2.55 (t, J = 7.2 Hz. 2H), 2.12-2.02 (m, 4H), 2.02-1 .76 (m. 6H), 1 .70-1 .50 
10 (m. 2H). 

Example 6 

(2R)-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidln-1-yl)propanolc acid • methyl ester 

IS 

[0130] 



20 



25 




[0131] (S)-(-)-Methyl lactate (0.34 ml) was dissolved In methylene chloride (3 ml) under argon atmosphere at O'C, 
and anhydrous trifluoromethane sulfonic acid (0.661 ml) and 2,6-lutidlne (0.457 ml) were added, followed by stirring 

30 at room temperature for 30 minutes. To the reaction mixture, a methylene chloride (2.5 mi) solution of the compound 
(400 mg) prepared In Reference Example 4 and triethylamine (0.358 mi) were added in this order, followed by stirring 
at room temperature for 18 hours. Water (5 ml) was added to the reaction mixture for liquid separation. The aqueous 
layer was extracted with ethyl acetate (5 ml x 3 times), The extract was mixed with the organic layer, was dried over 
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column 

35 chromatography (hexane : ethyl acetate = 3 : 1) to thereby obtain the compound of the present Invention (492 mg) 
having the following physical properties. 
TLC : Rf 0.90 (chiorofomn : methanol = 9 : 1); 

NMR (CDCI3) : 6 7.05-6.97 (m, 2H), 6.87-6.83 (m, IN), 4.85-4.75 (m. IN), 3.84 (s, 3H), 3.76 (s, 3H), 3.39 (q. J = 7:0 
Hz, IN), 3.10-2.95 (m, 2H), 2.85-2.68 (m, 2H), 2.15-2.05 ( m. 4H), 2.00-1.75 (m, 6H), 1.65-1 .45 (m, 2H), 1.35 (d. J = 
40 7.0 Hz, 3H). 

Example 6(1) 

(2S)-2-(4-(3'Cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidln-1-yl)propanoic acid • methyl ester 

45 

[0132] 



50 



55 




[0133] The compound of the present invention having the following physical properties was obtained in the same 
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manner as In Example 6 using (R)-(+)-methyl lactate instead of (S)-(-)-methyl lactate. 
TLC : Rf 0.90 (chlorofonn : methanol = 9:1); 

NMR (COCI3) : 5 7.05-6.97 (m, 2H). 6.87-6.83 (m, 1H), 4.85-4.75 (m, 1H). 3.84 (s, 3H). 3.76 (s, 3H). 3.39 (q. J = 7.0 
Hz. 1H), 3.10-2.95 (m, 2H). 2.85-2.68 (m, 2H), 2.15-2.05 (m, 4H). 2.00-1.75 (m. 6H). 1.65-1.45 (m, 2H), 1.35 (d. J = 
7.0 Hz, 3H). 

Example 7 to Example 7(2) 

[0134] The following compounds of the present invention were obtained in the same manner as in Example 2 using 
the compound prepared in Example 5, Example 6 or Example 6(1) instead of the compound prepared in Example 1. 

Example 7 

3-(4-(3-cyclopentyioxy-4-methoxyphenyl)-4-cyanoplperidin-1-yl)propanolc acid 



[0136) TLC : Rf 0.43 (chiorofomi : methanol = 9:1); 

NIVIR (DMSO-dg) : 6 7.03-6.95 (m. 3H), 4.87-4.80 (m, 1H), 3.74 (s, 3H), 3.31 {br, 1H), 3.24-3.19 (m, 2H). 2.96-2.85 (m, 
2H), 2.66-2.53 (m, 4H). 2.27-2.20 (m, 2H), 2.1 6-2.05 (m. 2H), 1 .96-1 .80 (m, 2H), 1 .75-1 .63 (m, 4 H), 1 .63-1 .48 (m, 2H). 

Example 7(1) 

(2R)-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperldln- 1 -yQpropanoic acid 



[0138] TLC : Rf 0.20 (chlorofonn : methanol = 9:1); 

NMR (CDCI3) : S 7.10-7.00 (m, 2H), 6.90-6.85 (m, 1H), 4.88-4.80 (m. 1H), 3.85 (s, 3H), 3.50 (br.q, J = 7.0 Hz, 1H), 
3.28-3.04 (m. 3H). 3.00-2.90 (m. 1 H), 2.50-2.15 (m. 5H), 2.05-1 .80 (m, 6H), 1 .70-1 .55 (m, 2H). 1 .48 (br.d, J = 7.0 Hz, 3H); 
[alD= +10.69 (c 0.305, DMSO). 



[0135] 




[0137] 
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Example 7(2) 



(2S)-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanoic acid 



[0139] 




.OH 



TLC : Rf 0,20 (chloroform : methanol = 9 : 1); 

NMR (CDCI3) : 5 7.10-7.00 (m, 2H), 6,90-6.80 (m, 1H). 4.86-4.58 (m, 1H), 3.84 (s, 3H), 3.54-3.44 (m JH), 3.34- 3.20 
(m, 2H). 3.14-3.02 (m. 1H). 3.00-2.86 (m, 1H), 2.50-1.75 (m. 11H), 1.75-1.55 (m, 2H), 1.45 (br.d, J = 7.0 Hz, 3H). 
[a]Q = -10.40 (c 0.245, DMSO). 

Example 8 to Example 8(2) 

[01 40] The following compounds of the present invention were obtained in the same manner as In Reference Example 
5 Example 3 using the compound prepared in Example 7 to Example 7(2) Instead of the compound prepared in 
Example 2. 



N-hydroxy-3-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidin-1 -yOpropanamide • hydrochloride 



TLC : Rf 0.52 (chloroform : methanol 9 : 1); 

NMR (pyridine-dj + CDCI3) : 5 7.23 (d, J = 2.2 Hz, 1H), 7.11 (dd, J = 8.5, 2.2 Hz. 1H). 6.88 (d, J = 8.5 Hz, 1H), 6.53 
(br, 3H), 4.86-4.79 (m, 1H), 3.72 (s. 3H), 3.37-3.28 (m, 2H), 3.28 (t, J = 7.2 Hz, 2H), 2.93-2.83 (m, 2H), 2.85 (I, J = 7.2 
Hz. 2H). 2.59-2.48 (m, 2H), 2.15-2.10 (m, 2H), 1,92-1.84 (m, 4H), 1.80-1.65 (m, 2H), 1.54-1.41 (m, 2H). 



Example B 



[0141] 




o 
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Example 8(1) 

(2R)-N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)propanannlde ■ hydrochloride 
[0142] 




TLC : Rf 0.45 (chloroform : methanol = 9 : 1); 

NMR (pyridine-ds-t-CDCy : S 7.08-7.00 (m, 1 H), 7.00-6.95 (m, 1 H). 6.85 (d, J = 8.7 Hz, 1 H), 5.95-5.50 (m, 3H), 4.80-4.72 
(m, 1H). 3.73 (s. 3H), 3.38-3.25 (m, 1H), 3.08- 2.98 (m, 2H), 2.90-2.75 (m, 1H), 2.75-2.60 (m, 1H), 2.15-2.00 (m, 4H). 
1 .95-1 .65 (m, 6H), 1 .55-1 .45 (m. 2H), 1 .43 (br.d, J = 6.6 Hz, 3H). 
[o1d= +8.76 (c 0.37, DMSO). 

Example 8(2) 

(2S)-N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidln-1 -yl)propanamide ■ hydrochloride 
[0143] 




TLC : Rf 0.45 (chlorofomi : methanol = 9 : 1); 

NMR (pyridlne-ds+CDCIg) : 6 7.11 (d, J = 2.1 Hz. 1 H), 7.02 (dd, J = 2.1 , 8.7 Hz, 1 H), 6.88 (d, J = 8.7 Hz, 1 H), 6.80-6.20 
(m, 3H), 4.80-4.72 (m, 1H), 3.72 (s, 3H). 3.40 (br.q. J = 6.9 Hz, 1H), 3.14-3.02 (m, 2H), 3.00-2.88 (m, 1H). 2.82-2.70 
(m, 1H), 2.20-2.05 {m, 4H), 1.95-1.65 (m, 6H), 1.55-1.45 (m, 2H), 1.41 (d, J = 6.9 Hz, 3H). 
[a]D = -8.72 (c 0.15, DMSO). 
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Reference Example 6 

1-(3-cyclopentyloxy-4-methoxyphenyt)cyclopent-3-encarbonitrile 
5 [0144] 



10 




[0145] 2-(3-Cyclopentyloxy-4-methoxyphenyl)ethane nitrite (4.0 g) was dissolved in tetrahydrofuran (75 ml) under 
argon atmosphere, and a tetrahydrofuran solution (40.4 mi) of 1 .0 M lithium hexamethyldisllazane was added dropwise 
thereto at -78**C, followed by stinging at -TS^C for 1 hour. The reaction mixture was diluted with a saturated aqueous 

20 ammonium chloride solution, and extracted with ethyl acetate. The extract was washed with water and saturated saline 
in this order, dried with anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography (hexane : ethyl acetate = 8 : 1 ) to thereby obtain the title compound (3.05 
g) having the following physical properties. 
TLC : Rf 0.39 (hexane : ethyl acetate = 2:1); 

25 NMR (CDCI3) : 5 7.00-6.95 (m, 2H). 6.82 (d, J = 8.7 Hz. 1H). 5.82 (s, 2H), 4.78 (m, 1H), 3.84 (s, 3H), 3.35-3.20 (m, 
2H), 3.00-2.85 (m. 2H), 2.00-1 .75 (m, 6H), 1 .70-1 .55 (m, 2H). 

Reference Example 7 

30 2-(3-cyclopentyloxy-4-methoxyphenyl)-4-oxo-2-(2-oxoethyl)butanenitrlle 

[0146] 



33 



40 




[0147] The compound (460 mg) prepared in Reference Example 6 was dissolved in methylene chloride (10 ml), 
*5 ozone was blown therein at -78''C for 25 minutes, and triphenylphosphine (513 mg) was added thereto, followed by 
stirring at -78''C for 30 minutes. The reaction mixture was stirred at room temperature for 1 hour, and concentrated 
under reduced pressure to obtain the title compound (1 .27 g). The resulting compound was used without purification 
in the subsequent reaction. 
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Example 9 

2-(4-(3-cydopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)-2-methylpropanoic acid • benzyl ester 
[0148] 



r\ H3C CH3 

[0149] To a dichloroethane (10 ml) solution of the compound (1 .27 g) prepared in Reference Example 7 and2-amino- 
2-methylpropanolc acid ■ benzyl ester (374 mg), sodium triacetoxyborohydrlde (1 .03 g) and acetic acid (0.56 ml) were 
added In this order, followed by stirring at room temperature for 3 hours. The reaction mixture was diluted with ethyl 
acetate, washed with a saturated aqueous sodium hydrogen carbonate solution and saturated saline In this order, dried 
with anhydrous sodium sulfonate, and concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (hexane : ethyt acetate = 4 : 1) to thereby obtain the compound of the present invention (196 
mg) having the following physical properties. 
TLC : Rf 0.62 (hexane : ethyl acetate = 2:1); 

NMR (COCI3) : 8 7.45-7.30 (m. 5H), 7.05-6.95 (m, 2H), 6,85 (d, J = 9.0 Hz, 1H). 5.19 (s, 2H), 4.80 (m, 1H), 3.84 (s, 
3H), 3.05-2.95 (m. 2H). 2.80-2.60 (m, 2H), 2.10-2.00 (m. 4H). 2.05-1.80 (m, 6H), 1.80-1.50 (m. 2H). 1.38 (s, 6H). 

Example 10 to Example 10(2) 



[0150] The compounds of the present invention were obtained in the same manner as in Reference Example 6 -> 
Reference Example 7 -> Example 9 using 2-(3-cyclopentyloxy-4-methoxyphenyi)ethane nitrile oracon'esponding nitrite 
derivative and 1-aminocyclopropanecarboxylic acid benzyl ester instead of 2-amino-2-methylpropanoic acid • benzyl 
ester. 

Example 10 

1-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidln-1-yl)cyclopropanecarboxyllc acid • benzyl ester 
[0151] 

TLC : Rf 0.50 (hexane : ethyl acetate 2 : 1); 

NMR (CDCI3) : 6 7.50-7.30 (m, 5H), 7.00 (d, J = 2.1 HZ, 1 H), 6.98 (dd. J = 9.0, 2.1 Hz, 1 H), 6.84 (d, J = 9.0 Hz, 1 H). 
5.19 (s. 2H), 4.80 (m. 1H), 3.84 (s» 3H), 3.65-3.50 (m, 2H). 3.00-2.90 (m, 2H). 2.10-2.00 (m, 2H), 2.00-1.75 (m, 8H). 
1 .70-1 .55 (m, 2H), 1 .40-1 .35 (m, 2H), 1 .00-0.95 (m, 2H). 
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Example 10(1) 

l-(4-(3-ethoxy-4-methoxyphenyl-4-cyanopiperidin-1-yl)cyclopropanecarboxylic acid • benzyl ester 
[0152] 




TLC : Rf 0.48 (ethyl acetate : hexane =1:3); 

NMR (CDCI3) : 5 7.45-7.28 (m. 5H), 7.02-6.97 (m, 2H). 6.85 (d, J = 9.0 Hz. 1 H), 5.20 (s, 2H), 4.12 (q, J = 7.0 Hz, 2H), 
3.87 (s, 3H), 3.62-3.51 (m, 2H), 3.00-2.91 (m, 2H), 2.08-2.00 (m, 2H), 1.90-1.79 (m, 2H), 1.47 (t, J = 7.0 Hz, 3H). 
1 .38-1 .34 (m, 2H), 0.99-0.94 (m, 2H). 

Example 10(2) 

1-(4-(3-methoxymethoxy-4-methoxyphenyl)-4-cyanopiperldln-1-yl)cyclopropanecarboxylic acid - benzyl ester 
[0153] 




TLC : Rf 0.45 {ethyl acetate : hexane =1 : 2); 

NMR (CDCI3) : 6 7.45-7.29 (m, 5H), 7.22 (d, J = 2.4 Hz, IN), 7.14 (dd, J = 8.4 Hz, 2.4 Hz, 1H). 6.88 (d, J = 8.4 Hz. 
1H), 5.23 (s, 2H), 5.19 {s, 2H), 3.88 (s, 3H), 3.61-3.50 (m, 2H), 3.53 (s, 3H), 3.00-2.92 (m. 2H), 2.08-2.00 (m. 2H), 
1 .89-1 .78 (m, 2H), 1 .38-1 .34 (m, 2H), 1 .00-0.95 (m, 2H). 
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Example 11 

1-(4-(3-hydroxy-4-methoxyphenyi)-4-cyanopipendin-1>yl}cyclopropanecarboxylic acid • benzyl ester • hydrochloride 
5 [0154] 



10 



IS 




[0155] To a methylene chloride (10 ml) solution of the compound (1 .8 g) prepared In Example 10(2), a 4 N hydrogen 
chloride - ethyl acetate solution (10 ml) was added, followed by stimng at room temperature for 1 hour. The reaction 
20 mixture was concentrated under reduced pressure. The residue was washed with ethyl acetate to thereby obtain the 
compound of the present invention (1 .51 g) having the following properties. 
TLC : Rf 0.38 (ethyl acetate : hexane =1:2); 

NMR (CDCI3) : 6 7.42-7.32 (m, 5H), 7.19 (d. J = 2.7 Hz, 1H), 7.07 (dd, J = 8.4 Hz, 2.7 Hz, 1H), 6.86 (d, J = 8.4 Hz. 
1 H), 5.90-5.83 (bs, 1 H), 5.22 (s, 2H), 4.50-4.36 (m, 2H), 3.89 (s, 3H), 3.56-3.47 (m, 2H), 3.27-3.09 (m, 2H), 2.30-2.23 
25 (m. 2H), 2.22-2.12 (m, 2H), 1.72-1.65 (m, 2H). 1.70-1.50 (br. IN). 

Example 12 

1-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopiperldln-1-yl}cyclopropanecarboxyiic acid ■ benzyl ester 

30 

[0156] 



35 



40 




[01 57) To a dimethylf ormamide (5 ml) solution of the compound (664 mg) prepared in Example 1 1 , cyclopropylmeth- 
45 ylbromide (0.22 ml) and potassium carbonate (518 mg) were added in this order at room temperature, followed by 
stirring at room temperature overnight. The reaction mixture was poured Into iced water, and extracted with ethyl ac- 
etate. The extract was washed with 1 N hydrochloric acid, a saturated aqueous sodium hydrogen carbonate solution 
and saturated saline in this order, dried with anhydrous sodium sulfate, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (hexane : ethyl acetate = 2 : 1) to thereby obtain the 
so compound of the present invention (763 mg) having the following physical properties. 
TLC : Rf 0.57 (ethyl acetate : hexane =1:2); 

NMR (COCI3) : 5 7.45-7.28 (m, 5H). 7.02-6.96 (m, 2H). 6.87-6.82 (m, 1H), 5.19 (s, 2H), 3.88-3.84 (m. 5H), 3.61-3.49 
(m, 2H). 3.00-2.90 (m. 2H), 2.08-1 .99 (m, 2H), 1 .90-1 .77 (m, 2H), 1 .38-1 .32 (m, 2H), 0.98-0.96 (m, 2H). 0.69-0.61 (m, 
2H), 0.40-0.33 (m. 3H). 

55 
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Example 13 

1-(4-(3-cyclobiityloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)cyclopropanecarboxylic acid • benzyl ester 
[0158] 




[0159] To a tetrahydrofuran (5 ml) suspension of the compound (664 mg) prepared In Example 11, triethylamlne 
(0.21 ml), cyclobulanol (0.1 8 ml), triphenylphosphlne (787 mg) and diethyl dicarboxylate (0.47 ml) were added at room 
temperature, followed by stirring at room temperature overnight. The reaction mixture was purified by silica gel column 
chromatography (hexane : ethyl acetate = 7 : 2) to thereby obtain the compound of the present invention (683 mg) 
having the following physical properties, 
TLC : Rf 0.52 (ethyl acetate : hexane =1:2); 

NMR (COCI3) : 5 7.45-7.29 (m, 5H), 6.97 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 6.87 (d, J = 2.4 Hz, 1H). 6.84 (d, J = 8.4 Hz, 
1H), 5.19 (S, 2H), 4.69 (quint, J = 7.0 Hz, 1 H). 3.86 (s, 3H), 3.61-3,50 (m, 2H), 3.00-2.90 (m, 2H), 2.55-2.43 (m. 2H). 
2.33-2.1 8 (m. 2H). 2.08-1 .99 (m, 2H), 1 .89-1 .60 (m, 4H), 1 .38-1 .34 (m. 2H), 0.99-0.94 (m. 2H). 

Example 14 

2-(4-(3-cyclopentyloxy-4-methoxyphenyi)-4-cyanoplperldln-1-yl)-2-methyipropanoic acid 



[0160] 



/-\ H3C CH3 



[0161] The compound (1 80 mg) prepared in Example 9 was dissolved in methanol (4 ml) and tetrahydrofuran (4 ml), 
10% palladium-carbon (20 mg) was added thereto, and the mixture was stirred under hydrogen gas atmosphere at 
room temperature for 1 .5 hours. The reaction mixture was filtered with celite, and the filtrate was concentrated. The 
residue was purified by silica gel column chromatography (chlorofomi : methanol : water » 1 0 : 2 : 0.1 ) to thereby obtain 
the compound of the present invention (140 mg) having the following physical properties. 
TLC : Rf 0.34 (chlorofonn : methanol =10:1); 

NMR (DMSO-dg) : 6 7.05-6.90 (m, 3H), 4.84 (m, 1 H), 3.74 (s, 3H), 3.80-3.00 (br, 1H), 3.15-3.00 (m, 2H). 2.65-2.50 (m, 
2H), 2.20-2.05 (m, 2H), 2.1 0-1 .95 (m, 2H), 2.00-1 .80 (m, 2H), 1 .80-1 .60 (m, 4H), 1 .65-1 .55 (m, 2H), 1 .25 (s, 6H). 



Example 14(1) to Example 14(4) 

[0162] The following compounds of the present invention were obtained In the same manner as in Example 14 using 
the compound prepared in Example 10, Example 10(1), Example 12 or Example 13 instead of the compound prepared 
in Example 9. 
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Example 14(1) 

1 -(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidln-1 -yl)cyclopropanecarboxylic acid 
[0163] 




TLC : Rf 0.45 (chloroform : methanol = 10:1); 

NMR (DMSO-dg) : 6 12.29 (br.s, 1H), 7.05-6.90 (m, 3H), 4.82 (m. 1H), 3.73 (s. 3H), 3.45-3.30 (m, 2H), 2.95-2.85 (m. 
2H), 2.10-1.95 (m, 2H), 2.00-1.60 (m, 8H). 1 .65-1 .50 (m. 2H). 1.25-1.10 (m. 2H). 0.95-0.80 (m, 2H). 

Example 14(2) 

1 -(4-(3'ethoxy-4-methoxyphenyl-4-cyanopiper{din-1 -yl)cyclopropanecarboxylic add 
[0164] 




TLC : Rf 0.38 (dichloromethane : methanol = 9:1); 

NMR (DMSO-de) : 5 12.45-12.15 (br, 1H), 7.03-6.93 (m, 3H), 4.04 (q, J = 6.9 HZ, 2H), 3.75 {s, 3H), 3.45-3.35 (m, 2H). 
2.95-2.86 (m, 2H), 2.09-1 .98 (m, 2H). 1 .86-1 .72 (m, 2H), 1,32 (t, J = 6.9 Hz, 3H), 1 .21 -1 .16 (m, 2H), 0.92-0.86 (m, 2H). 

Example 14(3) 

1 -(4-(3-cyclopropylmethoxy'4-methoxyphenyl)-4-cyanoplperldln-1 -yOcyclopropanecarboxyllc acid 
[0165] 




TLC : Rf 0.35 (ethyl acetate : hexane =1 : 1); 

NMR (DMSO-dg) : 5 12.5-12.0 (br, 1H), 7.04-6,93 (m. 3H), 3.82 (d, J = 7.2 HZ, 2H), 3.77 (s, 3H), 3.46-3.36 (m, 2H), 
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2.94-2.86 (m. 2H), 2.07-1.97 (m, 2H), 1.85-1.71 (m, 2H), 1.26-1.14 (m. 3H), 0.91-0.85 (m, 2H). 0.60-0.53 (m, 2H), 
0.35-0.28 (m, 2H). 

Example 14(4) 

1 -(4-(3-cyclobutyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)cyclopropanecarboxylic acid 
[0168] 




TLC : Rf 0.36 (dichloromethane : methanol =19:1); 

NMR (DMSO-dg) : 6 12.5-12.1 (br. 1H), 7.01-6.93 (m, 2H), 6.84 (d, J = 1.8 Hz. 1H), 4.73 (quint, J = 7.5 HZ. 1H), 3.75 
(s. 3H), 3.44-3.36 (m. 2H), 2.95-2.86 (m, 2H). 2.46-2.33 (m, 2H). 2.11-1.96 (m. 4H), 1.83-1.55 (m, 4H), 1.21-1.15 (m. 
2H), 0.92-0.86 (m, 2H). 

Example 15 to Example 15(4) 

[0167] The following compounds of the present Invention were obtained in the same manner as In Reference Example 
5 -> Example 3 using the compound prepared in Example 14 to Example 14(4) instead of the compound prepared In 
Example 2. 

Example 15 

N •hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidln-1 ■yl)-2-nnethylpropanamlde • hydrochloride 
[0168] 



H3C CH3H 




TLC : Rf 0.38 {chlorofonn : methanol = 10 : 1); 

•NMR(pyridine-d5+CDCl3) :6 7.14(d, J = 2.1 Hz, 1H), 6.99 (dd. J « 8.4. 2.1 Hz, 1H),6.91 (d, J = 8.4 Hz. 1H).5.95 (br. 
s. 3H), 4.72 (m, 1 H), 3.73 (s, 3H). 3.1 0-3.00 (m, 2H). 2.80-2.65 (m. 2H), 2.20-2.00 (m, 4H), 2.00-1 .70 (m, 6H). 1 .60-1 .40 
(m, 2H), 1.39 (s, 6H). 
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Example 15(1) 

N-hydroxy-1 -(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)cyclopropanecarboxamide • hydrochloride 
[0169] 




TLC : Rf 0.45 (chloroform : methanol =10:1); 

NMR (pyrldine-dg+CDCIa) : 5 7. 1 2 (d, J = 2.4 Hz. 1 H), 6.99 (dd. J = 8.4, 2.4 Hz, 1 H), 6.87 (d. J = 8.4 Hz. 1 H), 6.90-6.00 
(br, 3H), 4.75 (m. 1 H). 3.73 (s, 3H). 3.00-2.90 (m. 2H), 2.90-2.70 (m, 2H), 2.20-2.00 (m, 4H), 2.00-1 .60 (m. 6H). 1 .60-1 .40 
(m. 2H), 1.35-1.25 (m, 2H). 1.10-1.00 (m, 2H). 

Example 15(2) 

N-hydroxy-1 -(4-(3-ethoxy-4-methoxyphenyl-4-cyanopiperidin-1 -yl)cyclopropanecafboxamide • hydrochloride 
[01701 




TLC : Rf 0.42 (dichloromethane : methanol = 9:1); 

NMR (pyridine-ds+CDCIa) : 6 8.00-7.20 (br, 3H), 7.09 (d, J = 1.8 Hz, 1H), 7.04 (dd, J = 8.4, 1.8 Hz, 1H), 6.89 (d, J = 
8.4 Hz. 1 H), 3.91 (q, J ^ 6.9 HZ. 2H), 3,74 (s, 3H), 2.99-2.79 (m, 4H), 2.19-2.10 (m, 4H), 1 .37-1 .27 (m, 5H). 1 .09-1 .03 
(m, 2H). 

Example 15(3) 

N-hydroxy- 1 -(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanoplperldln-1 -yl)cyclopropanecarboxamlde • 
hydrochloride 

[01711 
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TLC : Rf 0.60 (dichloromethane : methanol = 9:1); 

NMR (pyridlne-ds+CDCy : $ 8.60-6.80 (br, 3H), 7.15 (d, J = 2.0 Hz, 1H), 7.05 (dd, J = 9.0. 2.0 Hz, 1H). 6.91 (d, J = 
9.0 Hz. 1 H), 3.81 (d. J « 6.9 HZ. 2H), 3.73 (s, 3H), 2.99-2.79 (m, 4H). 2.20-2.02 (m, 4H), 1 .37-1 .31 (m. 2H), 1 .31-1 .20 
(m. 1H), 1.08-1.03 (m, 2H), 0.55-0,47 (m, 2H). 0.32-0.26 (m, 2H). 

Example 15(4) 

N-hydroxy- 1 -(4-(3-C7clobutyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)cyclopropanecarboxamide • hydrochloride 



TLC : Rf 0.64 (dichloromethane : methanol = 9:1); 

NMR (pyridine-ds+CDCIa) : 5 8.00-7.10 (br, 3H), 7.04 (d. J = 2.1 Hz, 1H), 7.00 (dd, J = 8.4, 2.1 Hz, 1H), 6.90 (d, J = 
8.4 Hz, 1 H). 4.62 (quint, J = 7.5 HZ, 1 H), 3.75 (s, 3H), 3.00-2.80 (m. 4H), 2.42-2.30 (m, 2H), 2.23-2.02 (m, 6H). 1 .74-1 .60 
(m. 1H), 1.58-1.40 (m, 1H). 1.38-1.32 (m, 2H). 1.09-1.03 (m, 2H). 

Example 16 to Example 16(1) 

[0173] The following compounds of the present invention were obtained in the same manner as in Reference Example 
6 -» Reference Example 7 Example 9 using acon^esponding nitrile derivative instead of 2-(3-cyclopentyloxy-4-meth- 
Qxyphenyl)ethane nitrite and using a corresponding derivative instead of 2-amlno-2methytpropanolc acid benzyl ester. 

Example 16 

2-(4-(3-benzyioxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid ethyl ester 



TLC : Rf 0.31 (hexane : ethyl acetate = 2:1); 

NMR (CDCia): 5 7.50-7.40 (m, 2H). 7.45-7.25 (m, 3H). 7.10-7.00 (m. 2H), 6.89 (d, J = 8.7 Hz, 1H), 5.15 (s, 2H), 4.22 
(q, J = 7.2 Hz, 2H), 3.88 (s, 3H). 3.30 (s, 2H). 3.15-3.00 (m, 2H), 2.70-2.55 (m, 2H). 2.20-2.05 (m, 2H), 2.15-1.95 (m. 
2H), 1.30 (t, J = 7.2 Hz,3H). 



[0172] 




[0174] 
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Example 16(1) 



2-(4-(3-benzyloxy-4-difluoromethoxyphenyl)-4-cyanopiperidln-1-yl)acetic acid methyl ester 



[0175] 




o 



>3 



TLC : Rf 0.31 (hexane : ethyl acetate = 1 ; 1); 

NMR (CDCI3) : 6 7.42 - 7.30 (m, 5H), 7.20 (d, J = 8,1 Hz. 1 H), 7.18 (d. J = 2,4 Hz, 1H), 7.07 (dd, J = 8.1 . 2.4 Hz, 1H). 
6.58 (t, J = 75.0 Hz, 1H), 5.15 (s, 2H), 3.76 (s, 3H). 3.32 (s. 2H). 3.08 (dt. J = 12.0. 2.7 Hz, 2H), 2.66 (td, J = 12.0, 2.7 
Hz. 2H), 2.18 (td, J = 12.0, 3.9 Hz, 2H), 2.09-2.01 (m, 2H). 

Example 17 to Example 17(1) 

[0176] The following compounds of the present invention were obtained in the same manner as in Example 14 using 
the compound prepared in Example 16 or Example 16(1) instead of the compound prepared in Example 9. 

Example 17 

2-(4-(3-hydroxy-4-methoxyphenyl)-4-cyanopiperidln-1-yl)acetic acid • ethyl ester 



TLC : Rf 0.43 (hexane : ethyl acetate =1 : 2); 

NMR (CDCI3) : 5 7.06 (d, J = 2.4 Hz, 1H), 7.00 (dd. J = 8.1, 2.4 Hz, 1H). 6.85 (d. J « 8.1 Hz. 1H). 5.66 (br. 1H), 4.22 
(q, J = 7.2 Hz. 2H). 3.90 (s. 3H), 3.30 (s. 2H). 3.11-3.03 (m, 2H), 2.72-2.62 (m, 2H), 2.20-2.04 (m, 4H), 1 .30 (t. J = 7.2 
Hz, 3H). 



[0177] 
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Example 17(1) 



2-(4-(3-hyclroxy'4-difluoromethoxyphenyl)-4-cyanoplperidln-1-yl)acetic acid • methyl ester 



[0176] 




CH3 



TLC : Rf 0.55 (chtorofomi : methanol = 9:1); 

NMR (CDCI3) : 5 7.16 (d, J = 2.4 Hz, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.02 (dd. J = 8.4, 2.4 Hz, 1H). 6.54 (t, J = 73.5 Hz. 
1H), 3.76 (s, 3H). 3.32 (s, 2H). 3.07 (d, J = 12.0 Hz. 2H), 2.66 (td. J = 12.0. 2.7 Hz, 2H), 2.16 (td, J = 13.5, 3.9 Hz. 2H). 
2.12- 2.03 (m,3H). 

Example 18 to Example 18(2) 

[0179] The following compounds of the present invention were obtained in the same manner as in Example 13 using 
the compound prepared in Example 17 or Example 17(1) instead of the compound prepared in Example 11 and using 
cyclobutyl alcohol or corresponding alcohol. 

Example 18 

2-(4-(3-(indan-2-yloxy)-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid • ethyl ester 



TLC : Rf 0.62 (hexane : ethyl acetate =1:2); 

NMR (COCI3) : 5 7.26-7.16 (m, 4H). 7.09-7.05 (m. 2H), 6.90-6.86 (m. 1H), 5.20 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.82 
(s, 3H), 3.44-3.35 (m, 2H), 3.31 (s. 2H). 3.27-3.19 (m, 2H). 3.14-3.05 (m, 2H), 2.73-2.63 (m. 2H). 2.26-2.16 (m, 2H), 
2.15-2.08 (m, 2H), 1 .30 (t, J = 7.2 Hz. 3H). 



[0180] 
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Example 16(1) 



2-(4-(3-cyclobutyloxy-4-difluoromethoxyphenyl)-4-cyanopiper»din-1-yl)acetic acid • methyl ester 



[0181] 




TLC : Rf 0.54 (ethyl acetate : toluene =1 : 1); 

NMR(CDCl3)6 7.17(d. J = 8.1 Hz, 1H), 7.02 (dd, J = 8.1, 2.1 Hz, 1H), 6.97 (d, J = 2.1 Hz, 1H), 6.58 (t, J = 75.0 Hz, 
1H), 4.69 (m, 1H). 3.76 (S. 3H), 3.33 (s, 2H), 3.09 (dt, J = 12.3, 2.7 Hz. 2H). 2.66 (td, J = 12.3, 2.7 Hz, 2H), 2.54-2.43 
(m, 2H), 2.29 - 2.1 3 (m. 4H). 2.11 - 2.02 (m. 2H). 1 .89 (m, 1 H). 1 .72 (m, 1 H). 

Example 18(2) 

2-(4-(3-(indan-2-yloxy)-4-difluoromethoxyphenyl)-4-cyanoplperidin-1-yl)acetic acid • methyl ester 



TLC : Rf 0.29 (hexane : ethyl acetate =1 : 1); 

NMR (CDCI3) : 6 7.27-7.16 (m, 6H), 7.07 (dd, J = 8.1, 2.4 Hz, 1H), 6.38 (t, J = 75.3 Hz, 1H). 5.26-5.20 (m, 1H), 3.76 
(s, 3H), 3.41 (dd, J = 16.5, 6.3 Hz, 2H), 3.34 (s, 2H), 3.20 (dd, J = 16.5, 3.3 Hz, 2H), 3.11 (d, J = 12.0 Hz, 2H), 2.69 
(dt, J = 12.0, 2.4 Hz, 2H), 2.28-2.19 (m. 2H). 2.14-2.04 (m, 2H). 

Example 19 to Example 19(5) 

[01 83) The following compounds of the present invention were obtained in the same manner as in Example 1 2 using 
the compound prepared in Example 17(1) instead of the compound prepared in Example 11 and using cyclopropyl- 
methyl bromide or a corresponding halogen derivative. 



[0182] 
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Example 1 9 



2-(4-(3-cyclopropy)methoxy-4-clifluromethoxyphenyl)-4-cyanopiperidin'1-yl)acetic acid • methyl ester 



[0184] 




O 



TLC : Rf 0.80 (chloroform : methanol = 9:1); 

NMR (CDCI3) : 6 7.18 (d, J = 8.1 Hz, 1H), 7.09 • 7.03 (m, 2H). 6.63 (t, J = 75.6 Hz, 1H), 3.88 (d, J = 6.9 Hz, 2H), 3.76 
(s, 3H), 3.32 (s, 2H). 3.08 (dt. J = 12.0, 2.7 Hz, 2H), 2.66 (Id, J = 12.0, 2.7 Hz. 2H), 2.27-2.15 (m, 2H), 2.12-2.05 (m. 
2H), 1 .28 (m. 1 H), 0.69 - 0.63 (m, 2H), 0.40 - 0.33 (m. 2H). 

Example 19(1) 

2-(4-(3-cyclobutylmethoxy-4-difluromethoxyphenyl)-4-cyanoplperidln-1-yl)acetic acid • methyl ester 



TLC : Rf 0.84 (chlorofomn : methanol = 9:1); 

NMR (CDCI3) : 5 7. 1 7 (d, J = 8.4 Hz, 1 H), 7.09 (d, J = 2.1 Hz, 1 H), 7.05 (dd, J = 8.4, 2.1 Hz, 1 H), 6.57 (t, J = 75.3 Hz, 
1H), 3.99 (d, J = 6.6 Hz, 2H), 3.76 (s, 3H), 3.33 (s, 2H), 3.09 (dt, J = 11.7, 2.4 Hz, 2H), 2.81 (m, 1H), 2.67 (td, J = 11.7, 
2.4 Hz, 2H), 2.28 - 1.82 (m, 10H), 

Example 19(2) 

2-(4-(3-ethoxy-4-dtfluromethoxyphenyl)-4-cyanoplperldin-1-yl)acetic acid • methyl ester 



TLC : Rf 0.33 (hexane : ethyl acetate =1:2); 

NMR (COCI3) : 8 7.1 7 (d, J = 8.4 Hz, 1 H). 7.09 (d, J = 2.1 Hz, 1 H), 7.04 (dd, J = 8.4. 2.1 Hz, 1 H), 6.57 (t. J = 75.3 Hz, 



[0185] 




[0166] 
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1H). 4.11 (q. J = 6.9 Hz. 2H), 3.75 (s, 3H), 3,32 (s. 2H), 3.08 (d, J = 12.0 Hz, 2H), 2.66 (dt, J = 12.0, 2.7 Hz. 2H). 
2.26-2.16 (m, 2H), 2.10-2.05 (m, 2H). 1.46 (t, J = 6.9 Hz, 3H). 

Example 19(3) 

2-(4-(3-buloxy-4-difluromethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid • methyl ester 



NMR (CDCI3) : 6 7. 1 7 (d, J = 8.5 Hz. 1 H), 7.09 {d, J = 2.2 Hz, 1 H), 7.05 (dd, J = 8.5, 2.2 Hz. 1 H). 6.56 (t, J = 75.0 Hz. 
1H), 4.03 (t. J = 6.5 Hz, 2H), 3.76 (s. 3H). 3.33 (s. 2H). 3.13-3,05 (m, 2H), 2.72-2.62 (m, 2H). 2.27-2.17 (m. 2H). 
2.11-2.04 (m. 2H). 1.86-1.76 (m, 2H)-, 1.60-1.46 (m, 2H), 0.99 (t. J = 7.4 Hz, 3H). 

Example 19(4) 

2-(4-(3-propoxy-4-difluromethoxyphenyl)-4-cyanopiperidln-1-yl)acetic acid • methyl ester 



TLC : Rf 0.56 (hexane : ethyl acetate =1 : 1); 

NMR (CDCy : 6 7.18 (d, J = 8.1 Hz, 1H), 7.10 (d, J = 2.4 Hz, 1H), 7.05 (dd, J = 8.1, 2.4 Hz. 1H). 6.57 (t. J = 75.0 Hz, 
1H), 3.99 (t, J = 7.0 Hz, 2H), 3.76 (s, 3H). 3.33 (s, 2H), 3.15-3.00 (m, 2H), 2.75-2.60 (m. 2H). 2.30-2.15 (m, 2H). 
2.15-2.00 (m, 2H), 1 .86 (sexl, J = 7.0 Hz. 2H), 1 .06 (t. J = 7.0 Hz, 3H). 

Example 1 9(5) 

2-(4-(3-(2-methylpropoxy)-4-dlfluromethoxyphenyl)-4-cyanoplperidln-1-yl)acetic acid ■ methyl ester 



[0187] 




TLC : Rf 0.57 (hexane : ethyl acetate =1 : 1); 



[0188] 




[0189] 




CH3 
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TLC : Rf 0.40 (hexane : ethyl acetate =1 : 1); 

NMR (COCI3) : 5 7.18 (d. J = 7.8 Hz, 1H), 7.10-7.00 (m, 2H), 6.56 (t, J = 75.3 Hz, 1H). 3.78 (d. J = 6.6 Hz. 2H), 3.76 
(s. 3H). 3.33 (s. 2H), 3.20-3.00 (m, 2H), 2.80-2.60 (m, 2H). 2.30-2.15 (m, 2H), 2.25-2.00 (m, 1H), 2.20-2.00 (m, 2H), 
1.05 (d, J =6.6 Hz, 6H). 

Example 20 to Example 20(8) 

[01 90] The following compounds of the present invention were obtained in the same manner as in Example 2 using 
the compound prepared In Example 18 to Example 18(2) or Example 19 to Example 19(5) instead of the compound 
prepared in Example 1 . 

[0191] Also, the compound In Example 20(3) was converted to hydrochloride by a known method. 
Example 20 

2-(4-(3-(indan-2-yloxy)-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid 



TLC : Rf 0.68 (chloroform ; methanol: acetic acid = 30 : 2 : 1); 

NMR (DMSO-dg) : 6 7.28-7.23 (m, 2H), 7.1 9-7.1 3 (m, 2H), 7.1 0 (d. J = 1 .8 Hz. 1 H), 7.06 (dd, J = 8.6, 1 .8 Hz, 1 H), 6.98 
(d, J = 8.6 Hz. 1H), 5.28 (m, 1H), 3,69 (s, 3H). 3.80-2.60 (br. 1H), 3.39-3.30 (m, 2H). 3.25 (s, 2H). 3.16-2.98 (m, 4H), 
2,66-2.53 (m, 2H), 2.15-1 .97 (m, 4H). 

Example 20(1) 

2-(4-(3-cyclobutyloxy-4-difluoromelhoxyphenyl)-4-cyanopiperldin-1-yl)acetlc acid 



TLC : Rf 0.67 (chloroform : methanol = 3 : 1); 

NMR (DMSG-dg) : 5 7.21 (d, J = 8.1 Hz, 1H), 7.10 (dd, J = 8.1 , 2.1 Hz, 1H), 7.08 (t. J = 74.4 Hz. 1H). 7.06 (d, J = 2.1 
Hz, 1 H), 4.85 (m, 1 H), 4.25 - 2.60 (br.s, 1 H), 3.24 (s, 2H), 3.01 (br.d, J = 12.0 Hz, 2H), 2.58 (br.t, J = 12.0 Hz, 2H), 2.48 
- 2.34 (m, 2H), 2.1 6 -1 .94 (m, 6H), 1 .77 (m, 1 H), 1 .62 (m, 1 H). 



[0192] 




[0193] 
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Example 20(2) 

2-(4-(3-(inclan-2-yloxy)-4-difluoromethoxyphenyl)-4-cyanopipericlin-1-yl)acetic acid 
5 [0194] 



10 



IS 




20 TLC : Rf 0.24 (chloroform : methanol : acetic acid = 9 : 1 : 0.1); 

NMR (DMSO-dg) : 5 7.32-7.14 (m, 7H). 6.91 (t, J = 74.4 Hz. 1H), 5.43-5.37 (m. 1H), 4.00-2.60 (br, 1H). 3.39 (dd, J = 
16.8, 6.0 Hz. 2H). 3.24 (s, 2H), 3.07-3.00 (m, 4H), 2.60 (dt. J = 11.7. 3.0 Hz, 2H). 2.17-2.03 (m. 4H). 

Example 20(3) 

25 

2-(4-(3-cyclopropylmethoxy-4-dlfluromethoxyphenyl)-4-cyanoplperidln-1-yl)acetlc acid • hydrochloride 
[0195] 

30 



35 




40 TLC : Rf 0.61 (chloroform : methanol = 2:1); 

NMR(DMS0-d6) : 6 7.21 -7.14(m, 2H), 7.02 (t, J = 74.4 Hz. 1H).7.01 (dd, J = 8.7, 2.1 Hz, 1H),4.12 (s. 2H), 3.95- 
2.95 (br.s. 2H), 3.85 (d, J = 6.9 Hz, 2H). 3.58 (br.d, J = 12.0 Hz. 2H), 3.23 (br.t, J = 12.0 Hz, 2H), 2.54 - 2.31 (m, 4H). 
1 .14 (m, 1 H), 0.47 (m. 2H), 0.24 (m, 2H). 

45 



55 
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Example 20(4) 



2-(4-(3-cyclobutylmethoxy-4-dlflurornethoxyphenyl)-4-cyanoplperidin-1-yl)acetic acid 



[0196] 




OH 



TLC : Rf 0.53 (chloroform : methanol = 3:1); 

NMR (DMSO-dg) : 5 7.25 (d, J = 2.4 Hz, 1H), 7.21 {d, J = 8.4 Hz, 1H), 7.11 (dd, J = 8.4, 2.4 Hz, 1H), 7.03 (t, J = 74.4 
Hz, 1H), 4.06 (d, J = 6.6 Hz, 2H), 4.00 - 2,80 (br.s, 1H), 3.24 (s, 2H), 3.02 (brd, J = 12.0 Hz, 2H), 2.72 (m, 1H), 2.59 
(td, J = 12.0, 2.7 Hz, 2H), 2.17 - 1.95 (m, 6H), 2.00 - 1 .75 (m, 4H). 

Example 20(5) 

2-(4-(3-ethoxy-4-difluromethoxyphenyl)-4-cyanopiperldin-1-yl)acetic acid 



TLC : Rf 0.15 (chloroform : methanol : acetic acid =9:1 : 0.1); 

NMR (DMSO-dg) : 6 7.22-7.19 (m, 2H), 7.09 (dd, J = 8.4, 2.1 Hz. 1H), 7.06 (t, J 74.4 Hz, 1H), 4.13 (q. J = 6.9 Hz, 
2H), 4.00-3.00 (br, IN), 3.21 (s,2H), 3.01 (d, J = 12.0 Hz, 2H), 2.57 (dt. J = 11.7, 3.0 Hz. 2H), 2.13-1.99 (m, 4H), 1.32 

(t. J = 6.9 H2,3H). 

Example 20(6) 

2-(4-(3-butoxy-4-difluromethoxyphenyl)-4-cyanopiperidln-1-yl)acetic acid 



[0197] 




[0198] 




TLC ; Rf 0.56 (chloroform : methanol: acetic acid =10:2:1); 

NMR (CDCl3 + DMSO-d6):6 7.17(d, J = 8.1 Hz, 1H), 7.09 (dd. J = 8.1, 2.1 Hz, 1H), 7.04 (d, J = 2.1 Hz. 1H), 6.57 (t, 
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J = 75.2 Hz, 1H). 4.03 (t, J = 6.5 Hz, 2H), 3.57 (br, 1H), 3.29 (s. 2H), 3.20-3.10 (m, 2H), 2.72-2.61 (m. 2H). 2.30-2.19 
(m, 2H), 2.13-2.05 (m, 2H), 1.86-1.76 (m. 2H), 1.58-1.44 (m, 2H). 0.99 (t, J = 7.5 Hz, 3H). 

Example 20(7) 

2-(4-(3-propoxy-4-difluromethoxyphenyl)-4-cyanopiperidln-1-yl)acetic acid 
[0199] 




TLC : Rf 0.60 (chloroform : methano) : acetic acid = 10:2:1); 

NMR (DMSO-de) : 6 12.40-11.00 (br. 1H), 7.30-7.15 (m. 2H), 7.11 (dd, J = 8.7, 2.7 Hz, 1H), 7.05 (t, J = 74.4 Hz, 1H). 
4.04 (t, J = 6.6 Hz, 2H), 3.23 (s, 2H), 3.10-2.95 (m, 2H), 2.70-2.50 (m, 2H), 2.20-2.00 (m, 4H). 1.74 (sext, J = 6.6 Hz, 

2H), 0.98(t, J = 6.6Hz, 3H). 

Example 20(8) 

2-(4-(3-(2-methylpropoxy)-4-difluromethoxyphenyl)-4-cyanoplperidln-1-yl)acetic add 
[0200] 




TLC : Rf 0.63 (chloroform : methanol: acetic acid =10:2:1); 

NMR (DMSO-dg) : 6 12.20-10,80 (br. 1H), 7.25-7.20 (m, 2H), 7.11 (dd. J = 8.7. 2.4 Hz. 1 H). 7.04 (t, J = 74.4 Hz. 1H), 
3.86 (d, J = 6.3 Hz, 2H), 3.23 (s, 2H), 3.1 0-2.95 (m, 2H), 2.65-2.50 (m, 2H), 2.20-2.00 (m. 5H). 0.98 (d, J = 6.6 Hz, 6H). 
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Reference Example B 



3-(3K;yclopentyloxy-4-methoxyphenyl)-2,4-bis(ethoxycarbonyl)-6-hydroxy-5-methylcyclohexan-1-one 



5 



[0201] 




O HO CH3 



10 



IS 



CH, 



3-Cyclopentyloxy-4-methoxybenzaldehyde (30 g) and ethyl acetoacetate (33.36 ml) were dissolved in ethanol (7 ml), 
so and piperldlne (4 ml) was added thereto, followed by stirring at room temperature overnight. Ethanol was added to the 
reaction mixture, and filtered after solids were brol<en. The filtrate was washed with ethanol to thereby obtain the title 
compound (37.1 g) having the following physical properties. 
TLC ; Rf 0.55 (hexane : ethyl acetate = 1 : 1); 

NMR (DMSO-dg) : 5 6.87 (d. J = 1.8 Hz. 1H), 6.81 (d, J = 8.4 Hz, 1H), 6.75 (dd, J = 8.4, 1.8 Hz, 1H), 4.83 (s, 1H), 
25 4.75-4.69 (m. 1H), 3.95-3.70 (m, 6H), 3.67 (s, 3H), 3.26 (d, J = 12.0 Hz, 1H). 2.90 (d, J = 13.5 Hz, 1H), 2.31 {d. J = 
13.5 Hz, 1 H), 1 .90-1 .78 (m, 2H), 1 .78-1 .63 (m, 4H). 1 .63-1 .53 (m, 2H), 1 .23 (s, 3H). 0.98 (t, J = 7.2 Hz, 3H), 0.87 (t. J 
= 7.2 Hz, 3H). 

Reference Example 9 

30 

3-(3-cyclopentyloxy-4-methoxyphenyl)-3-carboxymelhylpropanoicacid 



45 [0203] The compound (37.1 g) prepared In Reference Example 8 was dissolved In ethanol (370 ml) and tetrahydro- 
furan (200 ml), and sodium hydroxide (200 g) and water (200 ml) were added thereto, followed by refluxing under 
heating for 5 hours. The reaction mixture was cooled to room temperature, and ethanol was evaporated under reduced 
pressure. The reaction mixture was neutralized with concentrated hydrochloric acid (410 ml) while cooling on ice, and 
extracted with ethyl acetate. The extract was washed with water and saturated saline in this order, dried with anhydrous 

so magnesium sulfate, and concentrated under reduced pressure to thereby obtain the title compound (26.28 g) having 
the following physical properties. The resulting compound was used without purification in the subsequent reaction. 
TLC : Rf 0.58 (chloroform : methanol = 5 : 1); 

NMR (DMSO-dg) : 6 12.01 (br, 2H). 6.83-6.79 (m. 2H). 6.72 (dd, J = 8.3, 2.0 Hz, 1H). 4.77-4.71 (m, 1H). 3.68 (s, 3H). 
3.38-3.30 (m, 1H), 2.59 (dd, J = 15.6. 6.3 Hz, 2H), 2.46 (dd, J = 15.6, 8.4 Hz, 2H), 1.92-1.78 (m. 2H). 1.76-1.62 (m. 
55 AH), 1.62-1.46 (m,2H). 



[0202] 



35 
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Reference Example 10 

4-(3-cyclopentyloxy-4-methoxyphenyl)piperlclln-2,6-dione 
5 [0204] 



10 



IS 




[0205] Urea (1 4.5 g) was added to the compound (26.28 g) prepared in Reference Example 9, followed by stirring 
at 1 eS^'C for 4 hours. The reaction mixture was cooled to room temperature, and dichloromethane (150 ml) was added 
thereto. Insoluble materials were filtered. The filtrate was concentrated under reduced pressure. Ethyl acetate was 
20 added to the residue, and the residue was broken, followed by recrystalllzation. The resulting crystals were filtered 
and dried to thereby obtain the title compound (14.02 g) having the following physical properties. 
TLC : Rf 0.77 (chlorofonn : methanol = 5 : 1); 

NMR (DMSO-de) : 6 10.79 (s, 1H). 6.89-6.85 (m, 2H), 6.75 (dd, J = 8.4, 2.1 Hz. 1H), 4.76 (m, 1H), 3.70 (s, 3H), 3.35 
(m, 1 H), 2.77 (dd, J = 16.8, 1 0.8 Hz, 2H), 2.61 (dd, J = 1 6.8, 4.7 Hz. 2H), 1 .95-1 .80 (m, 2H), 1 .78-1 .61 (m, 4H). 1 .61-1 .50 
25 (m. 2H). 

Reference Example 11 

4-(3-cyclopentyloxy-4-methoxyphenyl)piperidine • hydrochloride 

30 

[0206] 



35 



40 




[0207] Lithium aluminum hydride (7.0 g) was suspended in tetrahydrofuran (1 50 ml), and a tetrahydrofuran (1 50 ml) 
solution of the compound (7 g) prepared in Reference Example 10 was added dropwise thereto at the insider temper- 

45 ature of 30°C or less under ice-cooling, followed by stimng at room temperature for 3 hours. The reaction mixture was 
ice-cooled, and a saturated aqueous sodium sulfate solution (30 ml) was added dropwise thereto at the insider tem- 
perature of SO^C or less, followed by stimng at room tfemperature for 1 hour. To the reaction mixture, ether (200 ml) 
and anhydrous magnesium sulfate were added, followed by stirring at room temperature for 2 hours. The reaction 
mixture was filtered with celite, and the filtrate was concentrated under reduced pressure. A 4 N hydrogen chlorlde- 

so ethyl acetate solution (6 ml) was added to the residue, and the mixture was stirred and then concentrated under reduced 
pressure to thereby obtain the title compound (7.2 g) having the following physical properties. 
TLC : Rf 0.15 (chloroform : methanol = 9:1); 

NMR (DMSO-dg) : 5 6.83 (d, J = 8.1 Hz. 1 H), 6.74 (d, J = 1 .9 Hz, 1 H), 6.68 (dd, J = 8.1 , 1 .9 Hz, 1 H), 4.75 (m, 1 H), 3.68 
(s, 3H), 3.36 (m, 1 H), 3.31 (br, 2H), 3.02-2.94 (m, 2H). 2.58-2.52 (m, 2H), 1 .94-1 .39 (m, 12H). 
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Example 21 



2-(4-(3'Cyclopentyloxy-4-methoxyphenyl)piperidin-1 •yl)acetic acid • ethyl ester 



[0208] 




[0209] The compound of the present invention having the following physical properties was obtained in the same 
manner as in Exampie 1 using the compound prepared in Reference Example 11 instead of the compound prepared 
in Reference Example 4. 
TLC : Rf 0.61 (hexane : ethyl acetate =1:1); 

NMR (CDCI3) : 6 6.82-6.71 (m, 3H), 4.75 (m, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3,82 (s, 3H), 3.25 (s, 2H), 3.10-3.02 (m, 
2H), 2.43 (m. 1 H), 2.33-2.23 (m, 2H), 1 .95-1 .75 (m, 1 0H). 1 .70-1 .50 (m. 2H), 1 .29 (t, J = 7.2 Hz, 3H). 

Example 22 

2-(4-(3-cyclopentyloxy-4-melhoxyphenyl)piperidin-1-yl)acetic acid 



The compound of the present invention having the following physical properties was obtained in the same manner as 
in Example 2 u&ing the compound prepared in Example 21 instead of the compound prepared in Example 1 . 
TLC : Rf 0.44 {chlorofomi : methanol = 5 : 1); 

NMR (DMSO-de) : 5 6.88 (d, J = 8.1 Hz, 1H), 6.79 (d, J = 1.8 Hz, 1H), 6.73 (dd, J = 8.1, 1.8 Hz, 1H). 4.79-4.72 (m, 
IN). 4.11 (s, 2H). 3.70 (s, 3H), 3.59-3.49 (m, 2H), 3.32 (br. 1H). 3.18-3.05 (m, 2H). 2.74-2.68 (m . 1H). 2.04-1.80 (m, 
6H). 1 .77-1 .63 (m, 4H), 1 .63-1 .50 (m, 2H). 

Fonmulation Example 1 

[0211] The following components were admixed in a conventional method and punched out to obtain 100 tablets 

each containing 50 mg of the active ingredient. 

N-hydroxy-2-(4-(3-cyclop6ntyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetamide • hydrochloride 5.0 g 
Carboxymethyl cellulose calcium (disintegrating agent) 0.2 g 
Magnesium stearate (lubricant) 0.1 g 
Mlcrocrystalline cellulose 4.7 g 



[0210] 
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Foimulation Example 2 

[021 2] The following components were admixed in a conventional method, and the solution was sterilized in a con- 
ventional method, placed at 5 ml into ampoules and freeze-dried in a conventional method to thereby obtain 100 
5 ampoules each containing 20 mg of the active Ingredient. 

N-Hydroxy-2-(4-3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetamide • hydrochloride 2.0 g 
Mannito) 20 g 
. Distilled water 1000 ml 

10 

Claims 



1 . A piperidine derivative compound represented by formula (1): 

15 




(wherein represents 1) a hydrogen atom or 2) a cyano group; 

R2 and R3 each independently represents 1 ) a CI -8 alkyl group, 2) a C3-7 cycloalkyi group, 3) a C1 -8 all<yl group 
substituted with a C3-7 cycloalkyi group, 4) a C1 -B alkyl group substituted with 1 to 3 halogen atom(s), 5) a hydrogen 
30 atom, 6) a C1 -8 alkyl group substituted with a phenyl group, 7) a CI -8 alkyl group substituted with a C1 -8 alkoxy 

group, or 

(in which n represents 1 to 5.); 

40 

R^ and R^ each independently represents 1) a hydrogen atom or 2) a C1-8 alkyl group, or 
R^ and R^ are taken together with the binding carbon atom to represent a C3-7 saturated carbocycllc ring; 
RB represents 1) a hydroxy! group, 2) a 01 -8 alkoxy group, 3} -NHOH, or 4) a CI -8 alkoxy group substituted 
with a phenyl group; and 
45 m Is 0 or an integer of 1 to 4.) or a nontoxic salt thereof. 

2. The piperidine derivative compound according to claim 1 , wherein the compound represented by fomiula (I) is 
represented by formula (I'): 

50 
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5 



10 




(!') 



(wherein R^' represents 1) a hydroxyl group, 2) a C1 -8 alkoxy group, or 4) a C1-8 alkoxy group substituted with a 
phenyl group; and other synnbols have the same meaning as defined in claim 1), or a nontoxic salt thereof. 

IS 

Z. The piperidine derivative compound according to claim 1 , wherein the compound represented by fomiula (I) is 
represented by formula (!"): 



20 



25 




30 (wherein all symbols have the same meaning as defined in claim 1 ), or a nontoxk: salt thereof. 

4. The piperidine derivative compound according to claim 2, wherein R®' is a hydroxyl group. 

5. The piperidine derivative compound according to claim 2, wherein R^' Is a C1 -8 alkoxy group or a CI -8 alkoxy 
35 group substituted with a phenyl group. 

6. The piperidine derivative compound according to claim 4, which is 

(I ) 2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 
40 (2) 2-(4-(3,4-dimethoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(3) 2-(4-(3-ethoxy-4-methoxyphenyl-4-cyanopiperid{n-1 -yl)acetic acid, 

(4) 2-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(5) 2-(4-(3-lsopropyloxy-4-methoxyphenyl)-4-cyanopiperidln-1 -yl)acetic acid, 

(6) 2-(4-(3-cyclobutyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

45 (7) 2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)propanoic acid, 

(8) 4-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanoplperidin-1 -yl))butanoic acid, 

(9) 2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl))butanoic acid, 

(10) 2-(4-(3-cyclopentyloxy-4-difluoromethoxyphenyl)-4-cyanoplperidin-1 -yl)acetic acid, 

(II) 2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopiperidin-1 -y))acetic acid. 

so (12) 2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopiperidin-1 -yl)propanoic acid, 

(1 3) 2-(4-(3-cyclopentyloxy-4-isopropyloxyphenyl)-4-cyanopiperidin-1 ♦yl)acetic acid, 

(14) 2-(4-(3-isopropyloxy-4-difluoromelhoxyphenyl)-4-cyanopiperidin-1 -yl)ac6tic acid, 

(15) 2-(4-(3-cyclohexyloxy-4-difluoromethoxyphenyl)-4-cyanoplperidin-1 -yl)acetic acid, 

(16) 3-(4-(3-cycIopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)propanolc acid, 

55 (17) (2R)-2-(4-(3-cyclopentyloxy-4H7iethoxyphenyl)-4-cyanopiperidin-1 -yl)propanolc acid, 

(18) (2S)'2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanoic acid, 

(19) 2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)-2-methylpropanoic acid. 

(20) 1 -(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopjperidin-1 -yl)cyclopropanecarboxylic acid, 
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(21) 1-(4-(3-ethoxy-4-methoxyphenyl-4-cyanopjpericlin-1 -yl)cyclopropanecarbo)fyllc acid, 

(22) 1 -(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopipericljn-1 -yl)cyclopropanecarboxyllc acid, 

(23) 1 -(4-(3-cyclobutyloxy-4-methoxypheny!)-4-cyanopiperidin-1 -yl)cyclopropanecart)oxyllc acid, 

(24) 2-(4-(3-(indan-2-yloxy)-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(25) 2-(4-(3-cycIobutyloxy-4-difluoronnethoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(26) 2-(4-(3-(indan-2-yloxy)-4-difluoromethoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(27) 2-(4-(3-cyciopropyimetlioxy-4-difluromethoxyphenyl)-4-cyanopiperldin-1 -yl)acetic acid, 

(28) 2-(4-(3-cyclobutylmethoxy-4-djfluromethoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(29) 2-(4-(3-ethoxy-4-dif iuromethoxyphenyl)-4-cyanopiperidin-1 -yl)acetic acid, 

(30) 2-(4-(3-butoxy-4-dif iuromethoxyphenyl)-4-cyanopiperldin-1 -yi)acetic acid, 

(31) 2-(4-(3-propoxy-4-diflurometlioxyphenyi)-4-cyanoplperldin-1 -yi)acetic acid, 

(32) 2-(4-(3-(2-methylpropoxy)-4-ditluromethoxyphenyl)-4-cyanoplperldin-1-yl)acetlc acid, or 

(33) 2-(4'(3-cyclop6ntyloxy-4-methoxyphenyl)piperidln-1 -yl)acetic acid. 

The piperidine derivative compound according to claim 5, which Is 

(1) 2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopip8ridin-1-y))acetic acid • ethyl ester, 

(2) 2-(4-(3,4-dimethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid • ethyi ester, 

(3) 2-(4-(3-ethoxy-4-methoxyphenyi-4-cyanopiperidin-1-yl)acetic acid • ethyi ester, 

(4) 2-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopiperldin-1-yl)acetlc acid • ethyl ester, 

(5) 2-(4-(3-isopropyloxy-4-methoxyphenyi)-4-cyanopiperidin-1-yl)acetlc acid • ethyi ester, 

(6) 2-(4-(3-cyciobutyioxy-4-methoxyphenyl)-4-cyanopiperidln-1-yi)acetic acid • ethyl ester, 

(7) 2-(4-(3-cyciopentytoxy-4-methoxyphenyi)-4-cyanopiperidin-1-yi)propanoic acid • ethyl ester, 

(8) 4-(4-(3-cyciopentyloxy-4-methoxyphenyi)-4-cyanopiperidin-1-yi)butanoic acid • ethyl ester, 

(9) 2-(4-(3-cyciopentyloxy-4-methoxyphenyi)-4-cyanoplperidin-1-yi)butanoic acid ethyl ester, 

(10) 2-(4-(3-cyciopentyloxy-4-difluoromethoxyphenyl)-4-cyanopiperidin-1-yi)acetlc acid • ethyi ester, 

(11) 2-(4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopiperidin-1-yi)acetlc acid • ethyl ester, 

(12) 2-(4-(3-cyclopenlyloxy-4-ethoxyphenyl)-4-cyanopiperldin-1-yi)propanoic acid ethyl ester, 

(13) 2-(4-(3-cyclopentyloxy-4-lsopropyioxyphenyl)-4-cyanopiperidin-1-yl)acetlc acid • ethyl ester, 

(14) 2-(4-(3-lsopropyioxy-4-difiuoromethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid • ethyl ester, 

(15) 2-(4-(3-cyclohexyloxy-4-difluoromethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid ■ ethyi ester, 

(16) 3-(4-(3-cyclopentyioxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanoic acid ■ methyi ester, 

(17) (2R)-2-(4-{3-cyclopentyloxy-4-methoxyphenyi)-4-cyanopiperidin-1-yi)propanoic acid • methyi ester, 

(18) (2S)-2-(4-(3-cyciopentyioxy-4-methoxyphenyl)-4-cyanopiperidm-1-yl)propanolc acid • methyl ester, 

(19) 2-(4-(3-cyclopentyioxy-4-methoxyphenyi)-4-cyanopiperidin-1-yl)-2-methylpropanoic acid • benzyl ester, 

(20) 1 -(4-(3-cyciopentyioxy-4-methoxyphenyl)-4-cyanopiperldin-1 -yl)cyclopropanecarboxylic acid ■ benzyl es- 
ter, 

(21) 1-(4-(3-ethoxy-4-methoxyphenyl-4-cyanopiperidin-1-yl)cyclopropanecarboxylic acid • benzyl ester, 

(22) 1-(4-(3-methoxymethoxy-4-methoxyphenyl)-4-cyanoplperidln-1-yl)cyclopropanecarboxylic acid • benzyl 

ester, 

(23) 1-(4-(3-hydroxy-4-methoxyphenyi)-4-cyanopiperidin-1-yi)cyciopropanecarboxylic acid • benzyl ester, 

(24) 1-(4-(3-cyclopropylmethoxy-4-methoxyphenyi)-4-cyanopiperidin-1-yl)cyclopropanecarboxyilc acid • ben- 
zyl ester, 

(25) 1-(4-(3-cyclobutyloxy-4>methoxyphenyi)-4-cyanopiperidin-1-yi)cyclopropanecarboxyiic acid • benzyl es- 
ter. 

(26) 2-(4-(3-benzyioxy-4-methoxypheny))-4-cyanopiperidin-1-yl)acetic acid ■ ethyi ester, 

(27) 2-(4-(3-benzyloxy-4-difluoromethoxyphenyl)-4-cyanopiperidin-1-yl)acettc acid ■ methyl ester, 

(28) 2-(4-(3-hydroxy-4-methoxyphenyi)-4-cyanopiperidin-1-yl)acetic acid • ethyi ester, 

(29) 2-(4-(3-hydroxy-4-difiuoromethoxyphenyi)-4-cyanopiperldin-1-yl)acetic acid • methyl ester, 

(30) 2-(4-(3-(indan-2-yjoxy)-4-methoxyphenyI)-4-cyanopiperidin-1-yl)acetlc acid • ethyi ester, 

(31) 2-(4-(3-cyclobutyloxy-4-difluoromethoxyphenyl)-4-cyanopiperldin-1-yl)acetic • acid methyl ester, 

(32) 2-(4-(3-(indan-2-yloxy)-4-difluoromethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid methyi ester, 

(33) 2-(4-(3-cyciopropylmethoxy-4-difiuromethoxyphenyl)-4-cyanopiperldin-1-yl)acetic acid • methyl ester, 

(34) 2-(4-(3-cyciobutylmethoxy-4-difiuromethoxyphenyl)-4-cyanopiperidin-1-yl)acetic acid methyl ester, 

(35) 2-(4-(3-ethoxy-4-difiuromethoxyphenyl)-4-cyanoplperidin-1-yl)acetic acid ■ methyi ester, 

(36) 2-(4-{3-butoxy-4-difiuromethoxyphenyl)-4-cyanopiperidin-1-yi)acetic acid • methyi ester, 

(37) 2-(4-{3-propoxy-4-difluromethoxyphenyi)-4-cyanopiperidin-1-yi)acetic acid • methyl ester, 

(38) 2-(4-{3-(2-methylpropoxy)-4-dlfluromethoxyphenyl)-4-cyanopiperidln-1-yl)acetlc acid methyl ester, or 
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(39) 2-(4-(3'Cyclopentyloxy-4-methoxyphenyl)piperidin-1-yl)acetlc acid • ethyl ester. 

8. The piperidine derivative compound according to ciaim 3, which is 

(1 ) N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4K:yanopiperldln-1 -yl)acetamide, 

(2) N-hydroxy-2-(4-(3,4-dlmethoxyphenyl)-4-cyanoplperidin-1-yl)acetamide, 

(3) N-hydroxy-2-(4-(3-ethoxy-4-methoxyphenyl-4-cyanoplperldin-1-yl)acelamlde, 

(4) N-hydroxy-2-(4-(3-cyclopropylmethoxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetamide, 

(5) N-hydroxy-2-(4-(3-isopropyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)acetamlde, 

(6) N-hydroxy-2-(4-(3-cyclobutytoxy-4-methoxypheny))-4-cyanoplperidin-1-yl)acetamide, 

(7) N-hydroxy-2-{4-{3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidln-1-yl)propanamide, 

(8) N-hydroxy-4-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperldin-1-yl)butanamide, 

(9) N-hydroxy-2-(4-(3-cyclopQntyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)butanamide, 

(1 0) N-hydroxy-2-(4-(3-cyclopentyloxy-4-difluoromethoxyphenyl)-4-cyanopiperidin-1 -yl)acetamide, 

(11) N-hydroxy-2-{4-(3-cyclopentyloxy-4-ethoxyphenyl)-4-cyanopiperidin-1 -yOacetamide, 

(12) N-hydroxy-2-(4-(3-cyclopentyloxy-4-ethoxypheny))-4-cyanopiperidln-1 -yOpropanamlde, 

(13) N-hydroxy-2-(4-(3-cyclopentyloxy-4-isopropyloxyphenyl)-4-cyanopip8ridin-1 -yl)acetamide, 

(14) N-hydroxy-3-(4-(3-cyclopentyloxy'4-methoxyphenyl)-4-cyanopiperldin-1-yl)propanamide, 

(15) (2R)-N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1 -yl)propanamlde, 

(16) (2S)-N-hydroxy-2-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)propanamide, 

(17) N-hydroxy-2-(4-(3-cyclopentyloxy-4-nriethoxyphenyl)-4<yanopiperldin-1-yl)-2-methylpropanarnlde, 

(18) N-hydroxy-1-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-cyanopiperidin-1-yl)cyclopropanecarboxamide, 

(19) N-hydroxy-1-(4-{3-ethoxy-4-methoxyphenyl-4-cyanopiperidin-1-yl)cyclopropanecarboxamlde, 

(20) N-hydroxy-1-(4-(3-cyclopropylnnethoxy-4-methoxyphenyl)-4-cyanopiperidjn-1-yl)cyclopropanecarboxa- 
mide, or 

(21 ) N-hydroxy-1 -(4-(3-cyclobutyloxy-4-methoxypheny!)-4-cyanopiperidin-1 -yI)cyclopropanecarboxamide. 

9. A PDE4 Inhibitor which comprises, as an active Ingredient, the piperidine derivative compound represented by 
formula (I) according to claim 1 or a nontoxic salt thereof. 

10. An agent for preventing and/or treating inflammatory diseases (e.g., asthma, obstructive lung disease, sepsis, 
sarcoidosis, nephritis, hepatitis and enteritis), diabetic diseases, allergic diseases (e.g., allergic rhinitis, allergic 
conjunctivitis, seasonal conjunctivitis and atopic dermatitis), autoimmune diseases (e.g., ulcerative colitis, Crohn's 
disease, rheumatism, psoriasis, multiple sclerosis and collagen disease), osteoporosis, bone fracture, obesity, 
depression, Parkinson's disease, dementia, Ischemla-reperfusion Injury, leul<emia and AIDS, which comprises, as 
an active ingredient, the piperidine derivative compound represented by fomiuia (I) according to claim 1 or a non- 
toxic salt thereof. 
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